


MBUSTION | 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND OPERATION 


February 1953 FeB'2 4 16a 


eNEIBRARY 


— 










Fuel pipes and burners of unit described on page 49 


A Study of Red Solutions at 
Temperatures } 


Power Expansion am at 
N wards Paper Co. } 


ie rota > ‘Me ih ee fh . Bi lias aye ’ ye, » 
GUN a Eee are . po SAAS : 3 fan Sek esis. * Ty isk aa, 
Ba an 2 f ae)" ene ie CP: (Sc, * hg Oe ye Fors, e 
e - Me fs) Mf a ‘ = ‘Ss ES a, A eae fat a a eae! es aan ‘ 
’ 


















MeO nit Malt REC RPE a nad $ 
iy eee ee a 








Wisconsin Electric Power Company 


The C-E Unit shown above is one of two similar units now in process 
of fabrication for the Oak Creek Power Plant of the Wisconsin 
Electric Power Company at Milwaukee, Wisconsin. 





Each of these units is designed to serve a 120,000 kw turbine gen- 
erator. One unit is designed for a throttle pressure of 1575 psi and Gl 
the other for 1800 psi. Both are designed for a primary steam tem- 

’ perature of 1000 F, reheated to 1000 F. 


These units are of the controlled-radiant type. Reheater surface 
is located in the side furnace walls and primary superheater surface 
forms the rear furnace wall. The secondary superheater surface is 
located in the first pass at the furnace outlet. Economizer surface is 
in the last pass of the boiler and regenerative type air heaters follow 
the economizer surface. 

These units will be fired with pulverized coal employing the 
storage system with C-E Raymond Roller Mills, Type R Feeders 

200 Madison Avenue, New York 16, N. Y. and Type L (Vertical) Burners. _ 
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I-R PUMPS SERVE CONTRA COSTA 


Pacific Gas and Electric Company’s newest generating station 
uses Ingersoll-Rand’s new Class HMTA boiler feed pumps 
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The Pacific Gas and Electric Company’s new and 
ultra-modern steam plant at Antioch, California will 
make available 300,000 kw to help meet the high system 
load of the productive Contra Costa county area. This 
modern boiler feed pump installation — incorporating : » 
both the new HMTA and the popular CHTA pumps — 
is designed to establish new standards of high pressure 
pumping economy. 

The Contra Costa Station uses the two-pump feed- 
water system — each pump set carrying half the load 
of a 100,000 kw generating unit. The six-inch, 3-stage 
HMTA primafy pumps, which handle 228° water at 
24 psi, discharge to the low pressure heaters at 574 psi. 
The five-inch, 8-stage CHTA “double case” secondary 
pumps take 430° water at 520 psi and deliver 1310 
gpm at 1990 psi. Tandem mounting permits centralized 
lubrication and low temperature injection from primary 
pump to stuffing boxes of secondary unit, which means jt precgestin a be eee 70000 ’ 
longer. packing life. gallons of cooling water per minute by six, 

Ingersoll-Rand Class HMTA multi-stage centrifugal dl — = teal te oe a — 0 
pumps, with advanced design and a Unit-Type rotor as- APHC, four-stage vertical pumps. 
sembly, are available in capacities to 1600 gpm and 
pressures to 1200 psi. Your nearest I-R representative In li-Rand ( 
will be glad to give you complete information. genrso 

Cameron Pump Division, 718-10 
11 Broadway, New York 4, N. Y. 


PUMPS - COMPRESSORS - CONDENSERS - ROCK DRILLS- AIR AND ELECTRIC TOOLS -DIESEL AND GAS ENGINES- VACUUM EQUIPMENT 


CONDENSERS AND AUXILIARIES ARE I-R TOO - 
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The Art of the Practical Engineer 


Engineering is both an art and ascience. At times itis 
highly practical in a down-to-earth sort of way, while on 
other occasions it involves abstract and abstruse theoret- 
ical considerations. In reality it is difficult and perhaps 
undesirable to draw a sharp distinction between the art 
and the science of engineering. Not only does scientific 
theory merge almost indistinguishably into technological 
practice, but also each complements and supplements the 
other. Most important is that these elements be present 
in proper balance and that engineers keep them in due 
perspective. 

This same subject served as the title of the presidential 
address by Sir David Pye before The Institution of Me- 
chanical Engineers in London last October. <A distin- 
guished engineering educator who was trained at Cam- 
bridge and was among the first engineering professors at 
Oxford, he has also had long experience in the several re- 
search establishments of the Royal Air Force and is now 
serving as Provost of the University College in London. 
Thus his approach to “The Art of the Practical Engi- 
neer’’ combines the viewpoint of both the teacher and the 
active research worker. 

In emphasizing the importance of creativity, as dis- 
tinguished from formal engineering analysis, the British 
educator stated that the essential positive aim of the 
engineer is to devise and construct something that is bet- 
ter for its purpose than anything previously in existence. 
Decrying the overemphasis on the solution of problems 
which are ‘‘analogous to those in engineering but differ- 
ent in form from those encountered in practice,’ he 
cautioned against what might be termed ‘“‘the somewhat 
sterile pursuit of solving artificial problems in engineer- 
ing, invented for examination purposes."’ With refer- 
ence to the work of the designer of mechanical engineer- 
ing equipment, he urged that engineering education in- 
clude more work in design, which ‘‘calls in practice rather 
for the instinctive skill of the artist than for the calcula- 
tions of the mathematician.’ He added that creative 
engineers have an intuitive talent which enables them to 
reach conclusions by other than strictly analytical proc- 
esses, and that this talent may be found among skilled 
men in the shop and the drafting room as well as among 
those formally trained in the universities. In practicing 
the art of the engineer, Sir David Pye concluded, men are 
“guided by an instinct that seems to achieve a distillation 
of relevant experience and can be counted upon to solve 
a practical problem in the most direct way.”’ 

The concept that the essential aim of the engineer 
centers in the creation and construction of something 
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better than anything previously in existence needs to be 
continually re-emphasized. If this is done, the theoret- 
ical and practical aspects of technology will fall into 
their proper places, and engineering will continue to be 
practiced as both an art and a science. 


New Preferred Standards 


A revision of the AIEE-ASME Preferred Standard for 
Large Turbine-Generators has recently been approved. 
This carries the maximum size of units and steam condt- 
tions beyond those specified in the 1945 Standards, namely 
up to 150,000 kw, 1800 psig throttle pressure and 1000 F 
for both throttle and reheat temperatures. Also, 
generator capabilities for both 15 and 30 psig hydrogen 
pressures are listed, in addition to the previous ratings at 
'/, Ib hydrogen pressure. A major change is replace- 
ment of the term “turbine capability’ by ‘‘turbine 
rating.” 

It will be recalled that in the earlier days it was custo- 
mary to rate the generator in kva at SO per cent power 
factor, but purchasers often required that the turbine be 
capable of driving the generator at full kva rating with 
100 per cent power factor. This was equivalent to a 25 
per cent overload—a practice that still prevails for non- 
standard machines. 

When the earlier Preferred Standards were prescribed, 
they provided for a capability of only 10 per cent above 
nominal rating; although, of course, it is posible to 
obtain greater output at some sacrifice in efficiency by 
shutting off some extraction points. 

However, use of the two terms ‘“‘rating’’ and ‘‘capabuil- 
ity’’ brought about some confusion, to obviate which the 
Committee decided to employ a single term ‘‘turbine 
rating’’ corresponding to the former capability value. 

In general, it is the temperature of the generator 
windings that is a governing factor and the advent of 
higher hydrogen pressures opened the way to higher 
generator outputs. A further step has just been an- 
nounced by one of the turbine builders which involves 
liquid cooling of hollow stator conductors for very large 
machines. Capacities for which such cooling is likely to 
be employed in the near future are beyond those covered 
by the present revised standards. 

With the widespread employment of a single boiler per 
turbine it has become the practice in some circles to speak 
of the boiler capacity in terms of kilowatts. In doing so 
the revised turbine designation must be kept in mind. 



















Given are the results of laboratory in- 
vestigations to determine the relative 
merits of sodium sulfite, sodium phos- 
phite and hydrazine as oxygen scavengers 
in boilers operating at high steam pres- 


sures. 


ODIUM sulfite has been used as an ‘‘oxygen scaven- 

ger’ in steam boiler waters for over twenty years. 

Its use in lower pressure boilers has been satisfac- 
tory, but at higher pressures, above 1000 psig, a break- 
down of sodium sulfite has been reported. The first 
phase of this investigation was carried out to establish 
the extent of this breakdown and the effects of the vola- 
tile products on steam purity. 

Sodium phosphite has been considered as a possible 
substitute for the sulfite; therefore, solutions of this salt 
were studied in the second phase of this work. 

Though no data have been published, many verbal 
reports have come from Germany on the use of hydrazine 
solutions as a sodium sulfite substitute. Hydrazine solu- 
tions were studied to answer some of the many questions 
left wanting after these verbal reports. 


* Digest of a thesis covering graduate work at the University of Illinois 
and submitted in partial fulfillment of the requirements for the degree of 
Master of Science in Chemical Engineering. The author is at present 
a member of the staff of the Research Department of Combustion Engineering- 
Superheater, Inc. 
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Fig. 1—General view of laboratory setup 


A Study of Reducing Solutions at 
Steam Boiler Temperatures 


By HARRY D. ONGMAN 


LABORATORY APPARATUS 


The apparatus used in the laboratory work on sodium 
sulfite solutions can be divided into four parts. These 
are the feedwater system, the steam boiler, the steam and 
boiler water sampling system and the control system. 

Since the effect of the treatment chemicals on the boiler 
steam purity was to be studied, it was necessary to pro- 
vide a boiler feedwater of the highest quality. To ob- 
tain a high purity feed, distilled water was passed through 
a mixed resin demineralizer followed by deaeration in a 
stainless steel steam-heated scrubbing column. This 
method provided a feedwater with an electrical conduc- 
tivity of less than 0.5 micromho. A high-pressure plunger 
type chemical proportioning pump was used as a boiler- 
feed pump. 

The laboratory boiler is shown schematically in Fig. 2. 
The body of the electrically heated boiler was made of a 
seamless cold drawn steel tube 7.5 in. O.D. by 6.5 in. I.D. 
by 36 in. An inner shell of 11-gage steel was fitted into 
the main pressure shell. This inner shell was sealed at 
the top and extended to a point below the normal operat- 
ing water level. Steam samples were taken from 
the inner shell. This method provided a dry saturated 


February 1993—C OMBUSTION 





ede ee ee eeee= 





_—_—— oo 4 








TO PRESSURE a pn ' 
GAUGE —sttam 
; OUTLET 
INNER i ; 
! 
« 
i 


NORMAL WATER 


aii 
fl 


THERMOCOUPLE a, ' 
a 





tr 
¥ 
' 
| 
| 
| 
| 


FEED WATER INLET 








= WATER SAMPUNG LINE 
<< 


7-12 KW KEY: 


HEATERS 


——=— LINES USED IN 
STEAM SCRUBBING TESTS 
ONLY SOUD LINES USED IN 
ALL TESTS 


Fig. 2—Laboratory boiler with steam scrubber 


sample since there was no temperature difference across 
the inner shell. The upper and lower ends of the outer 
tube were sealed by circles of */,-in. hot-rolled steel plate 
welded in place. The lower headplate was provided with 
wells which were used as holders for the boiler heat source 
of seven 1.2-kw electrical cartridge heaters. Taps were 
provided in the boiler shell for feed inlet, steam and 
boiler-water sample outlets, level-control points, pressure 
gage and blowdown. 


Description of Scrubber 


The steam scrubber was similar to the boiler in con- 
struction. Steam from the inner shell of the boiler en- 
tered between the shells of the scrubber. Boiler feed- 
water entered at the bottom of the scrubber body and 
rose to the level of the over-flow standpipe. Steam 
from the boiler had to bubble through this head of feed- 
water to reach the. outlet of the scrubber. Feedwater 
overflowed the standpipe and dropped by gravity to the 
boiler. The pH of the boiler feedwater was raised during 
the tests using the scrubber by addition of NaOH solu- 
tion from a motor-driven microfeeder. 

The steam and boiler-water sampling system was 
mounted on a table near the boiler (Fig. 3). Double-pipe 
stainless-steel cooling coils and pressure-relief valves 
were placed on the table panel. All samples were con- 
densed and cooled at boiler pressure. The continuously 
flowing steam sample was metered and passed through a 
conductivity cell and glass electrode pH cell before exposure 
to the atmosphere as it passed to waste. A feed chamber 
on the table panel and connected into a separate feed- 
pump circuit was used for the batchwise addition of 
treatment chemicals. ‘ 

Control and recording instruments were panel mounted 
near the boiler. Three on-off temperature instruments 
controlled the boiler temperature, boiler-water level and 
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low-water cutoff. Main power relay switches were 
placed behind the panel and individual heater switches 
and heater pilot lights were mounted on the panel face. 
A three-point conductivity recorder and a six-point tem- 
perature recorder were also provided. Measurement of 
pH was made manually with a portable meter. 


PROCEDURE 


After obtaining a feedwater purity of one micromho or 
less, the boiler was filled to operating level and enough 
sodium hydroxide was added to give a boiler-water pH 
of 10.0 to 11.5. The control system and heaters were 
started to bring the boiler to test temperature. Non- 
condensable gases were vented. 

After reaching test temperature, a metered steam flow 
of 10 Ib per hr was started and 0.1 to | gram of reagent 
grade sodium sulfite was slug fed to the boiler. Control 
readings were made every fifteen minutes and analytical 
samples of steam and boiler water were taken every hour. 

Runs were of four to thirty hours duration and the 
boiler was maintained as a non-flow system at test tem- 
perature between daily runs. Runs were made at sat- 
urated steam temperatures of 400, 450, 500, 550, 600 and 
636 F. 

Tests with the steam scrubber in the system were made 
in the same manner except that the microfeeder was filled 
with sodium hydroxide solution and started after suf- 
ficiently pure feedwater had beenobtained. During these 
runs the feedwater pH was checked hourly. Runs with 
the scrubber were made at saturated steam temperature 
of 600 and 636 F. 

Sodium sulfite concentrations in boiler-water samples 
were determined by a standard indirect iodometric ti- 
tration. Reducing matter in the steam was determined 
by direct titration with standard potassium iodate solu- 
tion and was reported as ppm SO,. Tests for sulfide ion 
were made at all test temperatures by the methylene blue 
method. 


Fig. 3—Steam and boiler-water sampling system 








Discussion of Results 


The general effects of a lower steam pH and a higher 
steam conductivity due to an increase of boiler-water 
sodium sulfite concentration are noted at all test tem- 
peratures. The curves of Fig. 4 show the magnitude of 
these changes for a saturated steam temperature of 600 F. 
The general shape of these curves is typical of curves ob- 
tained at all test temperatures. Curves for the other 
temperatures were plotted and used to provide the values 
which are plotted in Fig. 5 as summary plots. Sample 
data for only one test at 600 and 636 F are given, but the 
curves of Fig. 5 are based on the data from a number of 
runs at every test temperature. 

No hydrogen sulfide was detected in the steam from 
any run; however, measurable quantities of sulfur di- 
oxide were present at test temperatures of 550 F and 
above. The changes in steam pH and conductivity 
noted above are to be expected in the presence of sulfur 
dioxide. Data from central steam generating stations 
using sodium sulfite treatment show very good correla- 
tion with these results. Though no measurable quanti- 
ties of SO. were present in the steam of runs at 500 F and 
below, it is reasonable to assume, on the basis of the data 
obtained, that the same breakdown of sulfite ion to sulfur 
dioxide did take place. 

In the final series of tests at 600 and 636 F the steam 
stream was scrubbed with the incoming boiler feedwater. 
The feedwater contained enough NaOH to give a pH of 
between 8.3 and 10.0. Since there was no sodium sulfite 
in this feed, the dilute NaOH solution provided a good 
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Fig. 4—Effects of Na,SO; treatment on steam pH and con- 
ductivity at saturation temperature of 600 F 
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scrubbing medium for sulfur dioxide. A plot of ppm 
SO: in the steam versus ppm NagSQ; in the boiler water is 
shown in Figs. 6 and 7 for tests at 600 and 636 F, re- 
spectively. In both of these plots, curves are shown for 
conditions with and without steam scrubbing. 

Sodium sulfite is used in steam boilers to remove any 
dissolved oxygen in the feedwater by the following reac- 
tion: 
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Ors + 2NaeSO; = 2NaSO, (1) 


However, the results of this study indicate that not all 
of the sodium sulfite entering a steam boiler is utilized in 
this reaction or reactions with metallic oxides. Much of 
the sulfite ion is broken down and leaves the boiler as sul 
fur dioxide. This vapor pressure of sulfur dioxide over a 



































7 
10 PPM 
Na,SO, 
_ 
<5 == 
a _ -— 
4 
400 450 500 580 600 650 
STEAM SATURATION TEMPERATURE-F 
4 








Hs 
7 
(A 
om — ae 


Fig. 5—Effects of Na,SO; in boiler water on steam pH and 
conductivity at all test run temperatures 
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very dilute alkaline solution of sodium sulfite can be ex- 
plained by considering the following equations: 


NaoSO; + 2H2»O = 2NaOH + H.SO; (2) 


The sulfur dioxide moves with the steam to the point of 
steam condensation and the equilibrium point of equa- 
tion (3) shifts to the left. The resulting low pH causes 
corrosion in the wet stages of an operating steam turbine. 
In the vacuum of the turbine condenser, equation (3) 
shifts slightly to the right and the resulting sulfur dioxide 
is discharged from the cycle with the non-condensable 
gases. 

Na2SOs; Test Data 


Temperature 636 F Pressure 2000 psia 
NaeSO; treatment = 800 mg 
Sp. Cond. of 
Steam in 
Micromhos 


Boiler water pH = 10.8 at 27 C 
Without Steam Scrubbing 


Time from NaeSO; pH of Steam Ppm Na:SO, Ppm 50: 


Addition in Hours at 25 C at 23 C in B. W. in Steam 
0 0.84 5.3 0 0.00 
l 3.37 4.6 41 
2 2.45 4.7 31 0.780 
3 1.66 4.7 21 0.430 
5 0.95 5.0 5 0.160 
6 0.83 5.0 2 0.097 


Na2SO; Data 
Temperature 636 F Pressure 2000 psia Boiler water pH-——-10.4 @27C 
With Steam Scrubbing . 


Feed pH @ Ppm Na2SO; Ppm SO» Steam Sp. Cond. in Steam pH 
: of > in B. W. in Steam Micromhos @ 25 C @TC 
9.5@ 29 46 0.343 3.28 4.9 @ 21 
9.6 @ 29 29 0.126 1.28 5.4 @ 21 
9.6 @ 29 13 0.056 1.20 5.3 @ 21 
9.6 @ 27 26 0.138 1.32 5.3@ 19 
9.9 @ 30 55 0.780 2.20 5.0 @ 21 
9.9 @ 30 15 0.034 0.82 5.5 @ 21 
9.9 @ 30 10 0.000 0.78 5.5 @ 21 
9.6 @ 27 39 0.335 2.34 4.8@ 20 
9.5 @ 28 48 0.417 3.42 4.8 @ 20 
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Study of Sodium Phosphite Solutions 
LABORATORY APPARATUS 


The boiler used for this phase of the work was the same 
as that used by F. G. Straub in his studies of sodium 
phosphate hide-out (Trans. ASME, Vol. 72, pp. 479-89, 






























































1950). This boiler provided a heat input rate of about 
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PPM NA,SO, IN BOILER WATER 


Fig. 6—Effect of NaOH ones on steam SO, content at 


60,000 Btu per hr per sq ft of inside tube area and had 
the additional advantage of allowing study of the heating 
surface after the test. All other components of the sys- 
tem were the same as in the sodium-sulfite tests. 


PROCEDURE 


Tests in this series were run with no steam flow. After 
the boiler temperature had stabilized on on-off control, 2 
to 15 grams of technical grade sodium phosphite was slug 
fed to the boiler. Control readings were made every 
fifteen minutes and analyses for sodium phosphate and 
sodium phosphite were made hourly. Runs were made 
at saturated steam temperatures of 500 and 600 F. 

Phosphate ion was determined colorimetrically by the 
ammonium vanadate method. This test is specific for 
phosphate ion and is unaffected by the presence of phos- 
phite ion. 

Total phosphate was determined by the same method 
on a separate sample after oxidation of the phosphite ion 
with mercuric chloride. Phosphite ion concentration 
was then obtained from the difference of the two phos- 
phate concentrations. 


Discussion of Results “ 


In the first test at 500 F the boiler was initially filled 
with deaerated water and any non-condensable gases 
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trapped in the boiler were vented. This venting was 
done after heating and before the phosphite was added. 
Under this condition of near zero initial oxygen concen- 
tration, it was expected that the reaction, PO; + '/,0, = 
PO,, would remove any remaining trace of oxygen and 
then stop. The slow decrease in phosphite ion and cor- 
responding increase in phosphate ion indicated another 
reaction, but the rate was too slow to indicate what this 
reaction might be. The constancy of the total phos- 
phorous-containing ions when expressed on the basis of 
the phosphite ion indicated that no dilution or concen- 
tration was taking place due to leaks in the system. 

In the test at 600 F the rapid oxidation of the phosphite 
ion with gas formation indicated the following reactions 
at the heating surface: 


Fes( Vs + Na;P¢ )y = 3FeO + NasPO, 


In this reaction series, the protective coating of Fe;O, 
on the heating tube surface was reduced and was washed 
from the metal surface. The freshly exposed iron then 
reacted with steam to produce hydrogen gas and more 
Fe;O, to sustain the sequence of reactions. This analy- 
sis of the possible reactions is substantiated by the flam- 
mability of the evolved gas and the etched appearance of 
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Fig. 7—Effect of NaOH —_— on steam SO, content at 


the heating tube surface. The tube surface showed no 
oxide coating and offered the appearance of an acid- 
treated steel surface. 


Study of Hydrazine Solutions 
LABORATORY APPARATUS 


The equipment used was the same as that used in the 
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sodium sulfite tests except that the steam scrubber was 
not used in any of these runs. The microfeeder was used 
in the higher temperature runs to give a continuous feed 
of hydrazine along with the feedwater to the boiler. 

In the final test of this series, the high heat input rate 
boiler of the phosphite tests was used. 


PROCEDURE 


In the first series of runs at saturated steam tempera- 
tures of 350, 450 and 500 F, hydrazine was slug fed at the 
start of each test to give an initial boiler water concentra- 
tion of 50 ppm. A commercially available 22 per cent 
hydrazine solution was used for this addition. 

A continuous feed of hydrazine from the microfeeder 
was used in the higher temperature series. This addi- 
tion was controlled to give a concentration of 1.5 to 3 
ppm of hydrazine in the feedwater. At this low feed 
rate, boiler water concentrations were maintained low 
enough to suppress excessive ammonia formation. Sat- 
urated steam temperatures of 500, 550 and 600 F were 
run in this series. 

The high heat rate boiler was used for a no-flow con- 
stant heat input test at 600 F. Temperature of the 
boiler was controlled by directing an air stream over an 
exposed portion of boiler shell. 

Steam and boiler-water samples were analyzed hourly 
in allruns. Ammonia was determined by direct Nessler- 
ization after oxidation of the hydrazine in samples of con- 
densed steam. A variation of the indirect iodine method 
was developed for the determination of hydrazine and 
though it was somewhat complex the results were found 
to be accurate as well as reproducible to 0.05 ppm of hyd- 
razine. 


Discussion of Results 


In every test with the steaming boiler the steam pH 
and conductivity increased after hydrazine addition. 
Since hydrazine has a low boiling point, the vapor pres- 
sure over the boiling water solution is high and thus the 
pH and conductivity of the steam increased. The slug 
feed runs showed a steady decrease of steam pH and con- 
ductivity with boiler water hydrazine concentration de- 
crease. 

The continuous feed tests provide a practical method of 
hydrazine addition for high-pressure steam boilers. In 
an operating boiler, hydrazine in the steam stream would 
partially return to solution in the turbine condenser. 
This recovery in the condenser would reduce the chemical 
makeup to the boiler. 

The increase in pH due to hydrazine and ammonia in 
the steam would be beneficial in reducing turbine-blade 
corrosion. Hydrazine would provide the additional ad- 
vantage of maintaining reducing conditions throughout 
the steam-water cycle. The breakdown of hydrazine to 
ammonia Offers a disadvantage if the concentration in- 
crease in a recycle system became excessive. Very high 
ammonia concentrations cause corrosion in copper or cop- 
per alloy components when present in a power plant cycle. 

The heating tube was removed from the high-heat-rate 
boiler after six days operation at 600 F. The total hy- 
drazine treatment was 7.7 grams as NeHy. The interior 
tube surface was in excellent condition. No etching or 
cutting had taken place, and the surface was covered with 
a thin layer of brownish black deposit. This deposit was 
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typical of that noticed in sodium-sulfite-treated boilers. 
The quantity of this material was too small for analysis, 
but from physical appearance the deposit seemed to be a 
mixture of Fe;0, and Fe.0;. The gases vented after the 
hydrazine addition had a strong odorof ammonia. The 
high ammonia content of the vented gases was further 
evidence of the reaction: 


3NeHy = No + 4NH; 
The black color of the deposit indicated the reaction: 
6Fes0; + NoH, = 4Fe;0, + No + 2H.O 


In all tests high-grade deaerated feedwater was used; 
therefore, the reaction of hydrazine was reduced to a 
minimum. The effectiveness of hydrazine as an “‘oxygen 
scavenger’ should be studied now that these tests have 
shown no adverse effects on steam boiler metal surfaces. 


Conclusions 


1. An appreciable vapor pressure of sulfur dioxide 
exists above dilute alkaline solutions of sodium sulfite in 
a high-pressure steam boiler. 

2. The concentration of sulfur dioxide in the steam 
above a sodium sulfite solution can be greatly reduced by 
scrubbing with boiler feedwater of pH 8.0 to 10.0. 

3. Sodium phosphite is too strong a reducing agent to 
be useful in a steam boiler. At a temperature of 600 F, 
the reduction of the protective ferric oxide film at the 
heating surface results in tube metal attack and hydrogen 
evolution. 

4. Solutions of hydrazine oxidize to give ammonia 
and nitrogen at temperatures above 350 F. This oxida- 
tion is in addition to the distillation of the hydrazine with 
the steam. Hydrazine solutions reduce Fe,O; to Fe;O0, 
at high temperature steel surfaces, but this reduction is 
not harmful such as the reduction encountered with so- 
dium phosphate solutions. 
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Boiler Construction Costs 


By HERMAN WEISBERG, Mech. Engr. 
Public Service Electric & Gas Co. 


The history of construction costs of 
power plants, and particularly boilers, 
is reviewed in the following which formed 
one part of a Panel Discussion at the 
1952 ASME Annual Meeting. It is brought 
out that as a result of design progress 
comparable construction costs, adjusted 
for the increases in price of materials and 
labor, as well as improvement in fuel 
It is 
suggested that in order to combat rising 


efficiency, have steadily decreased. 


prices, the size of future units continue 
to be increased, and their efficiency im- 
proved. 


DISCUSSION of the cost of boilers alone without 
regard to the effect on total plant costs is mean- 
ingless. It matters not if boiler costs increase 

as long as the total power plant cost is not adversely 
affected; or else, performance is improved to justify the 
increase, as for instance in the case of reheat. The 
boiler plant, including its portion of the building, ac- 
counts for approximately fifty per cent of the total power 
plant cost. 

Fig. 1 shows the Handy-Whitman Indexes of the cost 
of materials and labor entering into the cost of power 
plants. Plotted are the indexes for the total power 
plant, the boiler plant, and the boiler proper, using the 
1912 level as 100 per cent. Roughly, power plant cost 
indexes doubled after World War I; increased another 
sixty points between World Wars I and II; and doubled 
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Fig. 1—Materials and labor cost indexes (Handy-Whitman) 
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again since World War II; the present level being over 
five times that of 1912. These indexes reflect the cost 
of material and labor to produce a given design, and are 
not intended to include technological progress. Al- 
though the base boiler index increased more rapidly than 
either of the other indexes, the boiler plant index, which 
includes associated equipment and erection costs as 
well as the boiler, followed the total power plant index 
closely. 

In Fig. 2 the total’power plant index is replotted and 
extended, based on assumed escalation of mild propor- 
tions, to 1954 when current projects will be completed. 
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Fig. 2—Power plant costs 


The bottom line of this figure shows the actual and esti- 
mated original costs of power plants installed since 1912 
on one system, which may be considered as typical. It 
will be noted that original costs have varied, and are now 
at a level only about fifty per cent higher than in 1912, 
in spite of the precipitous 5 to 1 rise in prices. Costs 
are plotted against the year of initial operation of the 
particular plant, although expenditures for subsequent 
units after the first and miscellaneous iniprovements 
made since the initial installation are included in the 
cost. Now, if the price indexes, at the time the expendi- 
tures were made, are applied against these original costs, 
we arrive at replacement costs as shown by the second 
curve; a steadily descending curve which levels off in 
more recent years. It will be noted that a plant of 1912 
design, built today, would cost just under $400 per kilo- 
watt; as compared to $160 for a plant of the latest 
design. 

The steady reduction in replacement cost per kilowatt 
has been accomplished despite more costly materials 
and equipment to improve efficiency (see Fig. 3), through 
the use of higher steam pressures and steam tempera- 
tures, reheat, and other advances. The present-day 
design, however, consumes only one-third the fuel of the 
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Fig. 3—Trend in heat rates 


1912 design; and that in itself accounts for considerable 
reduction in cost, not only because of less fuel t6 be 
handled but also the reduction in circulating water re- 
quirements, and many other items which result in a 
physically smaller plant. 

While this trend of reduction in heat rate is diminish- 
ing, considerable gains are still being made with each 
succeeding installation, as shown by the plot in Fig. 4. 
It will be seen that the 1953 design involving 2350 
psig, 1100 F with 1050 reheat, shows an improvement of 
more than six per cent over the 1951 design of 1500 psig, 
1050 F, 1000 F. The gain, however, is not all due to the 
difference in steam conditions, but also to improved 
boiler and turbine efficiencies. 

Going back to Fig. 2, capitalizing the difference in 
heat consumption of the various installations, we arrive 
at an adjusted cost as shown by the top two lines; the 
lower of which is based on present fuel cost, and the upper 
on the assumption that the fuel cost will increase over the 
life of the unit at the same rate as it has in the past. 
Capitalization of the fuel cost differences is based on a 
sixty per cent capacity factor. If the older units are 
utilized for standby or peak-load purposes only, as they 
usually are, the capitalized value of the difference in fuel 
consumption approaches zero and these adjustments do 
not apply. The top lines, therefore, represent the equiv- 
alent costs of the various designs of power plants, based 
on present day prices and adjusted for differenees in heat 
rate, using the present costasa base. The trend has been 
continuously downward, and reflects the technological 
progress that has been made. The area between the 
replacement cost and the top lines represents the gain 
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Fig. 4—Calculated plant heat rates 


due to increase in fuel efficiency; and that between the 
replacement cost line and the 1954 estimated cost of 
about $160 per kilowatt represents the gain due to other 
design progress. This latter includes increase in size 
of units, reduction of the number of boilers per unit, 
reduction in spare boiler capacity made possible by greater 
reliability as a result of design improvements, installa- 
tion of equipment outdoors, and many other changes. 

Further improvement not reflected in this plot is the 
reduction of operating and maintenance manpower, as 
shown in Fig. 5. Installations now under construction 
will operate with as few as one man per 3000 kw; as 
compared to one man per 500 kw for the 1912 design; 
or a 6 to | ratio. 

The reduction in building volume enclosure per unit 
output is shown in Fig. 6. Much of this improvement is 
due to the size factor, but the reduction in boiler room 
enclosure is largely due to installing major portions of 
the boiler outdoors. ' 

One of the principal factors in reducing costs is the 
increase in size of units. Fig. 7 is a plot of the progress 
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Fig. 5—Plant capacity per man 





which has been made in this direction. The curve shows 
the increases in system peak load, read on the scale at 
the right. The plotted points indicate the size of units 
installed, read on the scale on the left, which is ten per 
cent of the scale on the right. It will be noted that in 
general the points fall near the curve, indicating that the 
size of units has followed the peak load increase over the 
years. The figures in parentheses indicate the number 
of boilers per turbine unit, which is now at the irreducible 
minimum of one per unit. 

Notwithstanding skyrocketing prices, therefore, it 
has been possible to hold the cost of the total power plant 
to reasonable increases principally by increasing the size 
of the installation, reducing the number of boilers and 
spare boiler capacity installed, reducing the building 
enclosure, and making many minor improvements. 
Several of these measures have been carried as far as is 
possible, and the benefits from others are following the 
law of diminishing returns. 

Fortunately we have in this country a healthy competi- 
tive situation between manufacturers of boilers, as well 
as associated auxiliary equipment, and as a result fur- 
ther improvements are constantly being proposed. Size 
and efficiency will continue to increase. The rate of 
improvement must, however, await the development of 
larger equipment, including auxiliaries, as well as more 
economical materials for higher temperature operation. 
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Fig. 6—Building volumes per installed kilowatt 


Design improvements offered by the manufacturers, 
such as cyclone furnaces; controlled circulation; pressure 
firing; gas recirculation; various forms of radiant steam 
heating surface; improved burner and furnace arrange- 
ments; and many other innovations will be evaluated as 
time goes on. 

For further betterment of performance there are being 
considered at this time measures for increasing steam 
temperatures to 1200 F, increasing pressures to above the 
critical, providing two stages of reheat, lowering boiler 
exit gas temperatures, and many other improvements. 
Because of the size of units being installed, radical changes 
must be considered with caution. For instance, the next 
step in steam pressure will eliminate the boiler, as there 
is no longer a boiling point. This means that any con- 
tamination which enters the system from condenser 
leakage, evaporator carryover, or simply corrosion or 
erosion of the piping and equipment itself, can no longer 
be concentrated in the boiler and blown down, but must 
either cycle around or deposit out on the heating sur- 
faces or turbine blading. Considerable research to deter- 
mine the solubility of the various elements in steam and 
*water over the temperature range of the cycle, and pos- 
sibly a pilot plant may be necessary to determine the 
feasibility of such an installation before it can be incor- 
porated in a full size unit. 

In conclusion, the answer to the question ‘‘What can 
be done to offset the continuously rising costs of material 
and labor,”’ particularly in connection with boilers, is, 
as in the past, the installation of larger units commen- 
surate with load build-up and the availability of larger 
equipment; and the installation of more efficient and 
improved equipment consistent with technological de- 
velopments. 
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Fig. 7—System peak load and size of generating units 
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Engineer Shortage Discussed 


Some three hundred top-level industrialists and tech- 
nical educators listened to suggestions concerning the 
shortage of trained engineers at the Fifth College-Indus- 
try Conference held at the Northwestern University 
Technological Institute, Evanston, Illinois, on January 
dl. 


Titus G. LeClair, manager of engineering for the 
Commonwealth Edison Company and the Public Service 
Company of Northern Illinois, considered our greatest 
waste in engineering talent to lie in requiring an engineer 
to handle all the details of his job. The obvious answer 
to this problem, as he saw it, is to relieve the engineer of 
paper work and other non-technical activities by giving 
him the help of a technical assistant who might be a 
graduate of a technical school or have had one or two 
years in such a school. 


Appealing to employers to adjust their organizations to 
absorb this type of individual, Mr. LeClair asserted that 
the graduate engineer could thereby increase his working 
effectiveness at least 10 to 15 per cent and become better 
satisfied. By the same token the assistant who didn’t 
have the opportunity to acquire or complete a college 
education is happy to have the chance to work with the 
engineer who can help in his further training. 


Following along this idea, Professor K. W. Wendt of 
the University of Wisconsin believed that one answer to 
the present problem lies in a substantial expansion of the 
technical institute field. 


E. W. Seeger, vice president of Cutler-Hammer Inc., 
speaking from the viewpoint of the registered professional 
engineer agreed that the best immediate solution for the 
present shortage is better utilization of the engineers now 
available; but he cautioned that if the number of engi- 
neering aides and technicians is materially increased, we 
should be certain that they are properly classified so as 
not to jeopardize the progress already made in the recog- 
nition of engineering as a profession. 


C. E. Deakins, dean of students at Illinois Institute of 
Technology stated that each year the nation needs, for 
replacements alone, some 30,000 new engineers; but next 
June the colleges are expected to graduate only 24,000, 
with the number declining to 19,000 in 1954 and to 17,000 
in 1955. He urged that there be earlier identification of 
engineering aptitudes and interests among secondary 
school students, and that industry increase its scholarship 
funds for talented students, many of whom are now lost 
to industry because they cannot afford an engineering 
education. 


‘Because of the already serious shortage of engineers,”’ 
said Dean Deakins, “industry and the colleges must im- 
press upon our selective service officials the great tragedy 
that will befall our future national security and welfare if 
they strip the engineering schools of a large part of their 
student body.” 


Don P. Reynolds, representing the ASCE, noted that 
starting salaries of young engineers and those at the peak 
of their profession are generally adequate, but that there 
are many extremely productive men in the middle brack- 
ets who have become discouraged and embittered by fail- 
ure of recognition and compensation to keep pace with 
the relative value of their professional efforts. 
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*Few men interested in water technology and 
practices have time or opportunity to read all 
the published articles and technical papers 
which deal with the industrial aspects of water 
treatment and use. To help overcome this diffi- 
culty, Nalco Water Techs will provide a listing 
of carefully selected articles and papers which 
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standing and use of modern water technology. 
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Power Expansion at 
Nekoosa-Edwards Paper Co. 


By FRANK H. COLDWELL 
Manager of Mill Power, Nekoosa-Edwards Paper Co. 





A review of the growth in steam and 
power demands over the past forty years 
at the Port Edwards and Nekoosa mills and 
how they have been met, leading up to the 
recent installation at the latter plant, 
which is described in some detail. 


HE Nekoosa-Edwards Paper Company has been 

manufacturing paper for over 60 years. Its main 

offices are at Port Edwards, Wis., with mills at both 
Port Edwards and at Nekoosa, Wis. Itissituated on the 
Wisconsin River, and in the early days its power was 
received from the power sites at Port Edwards and Ne- 
koosa and transmitted to various pieces of equipment by 
shafting, belts and pulleys. The only steam power used 
was from engines driving paper machines where the steam 
could be used for paper drying, and some steam engines 
for mechanical power where water power could not be 
transmitted. 

As time went on the plants grew, and electric power 
became common in the industry. About 1913, a power 
site on the Wisconsin River at Centralia was obtained 
where 2000 kw! of hydroelectric generation was installed, 
and a 1000-kw steam turbine was purchased for Port 
Edwards. The power sites on the Wisconsin River at 
Port Edwards and Nekoosa were still used primarily 
for mechanical power, and for the production of ground 
wood pulp used directly in the paper process. 

Later, additional paper machines were installed to 
bring the capacity of each plant up to four paper ma- 
chines each. Changes in the paper industry and the 
products of the company eliminated the use of mechan- 
ical pulp made by grinding wood with water wheels; 
this pulp being replaced by chemical pulps. As this 
trend progressed, the Port Edwards and Nekoosa power 
sites on the Wisconsin River were converted to produc- 
tion of hydroelectric power. Under this condition in 
the early 20's, two steam turbines were installed to sta- 
bilize the power output of the hydroelectric plants under 
varying river conditions. In 1929, the first 400-psi 
boilers were installed at the Port Edwards plant, to- 
gether with a turbine-generator exhausting-at 150 psi 
back pressure to obtain by-product power. 


Later increased to 3600 kw capacity 
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As power demands grew, additional boilers and a 
3500-kw turbine-generator were installed at the Nekoosa 
plant, with the turbine extracting steam at 150 psi and 
exhausting at 30 psi back pressure. This was the status 
of the property in 1950 when plans were made for a new 
paper machine and the expansion of pulpmaking fa- 
cilities at the Nekoosa mill, necessitating a large block of 
power. At this time the average electrical load had 
reached 13,000 kw, made up largely of hydro and by- 
product steam power, with some mechanical water power 
still being used for the driving of stock preparation 
equipment for the paper machines. 

At that time the boiler house of the Nekoosa mill had 
one 450-psi pulverized fuel Combustion Engineering 
VU boiler rated at 110,000 Ib. per hr, one C-E chemical 
recovery boiler of similar design characteristics and five 
low-pressure boilers which served as standby for the 
pulverized coal boiler and were used mainly for the dis- 
posal of waste wood. 


Basic Data 


The basic data indicated that the power expansion 
program should be sufficient to care for an increase in 
production at the Nekoosa plant from 156 tons to 200 
tons of pulp per day and an increase from 140 tons to 253 
tons of paper per day. No expansion of the Port 
Edwards mill was contemplated and no increase in steam 
or electrical demand at that plant was assumed. The 
plan as set up was designed to facilitate the installation 
of future equipment. 

The paper industry uses large amounts of steam in 
process requirements. Hence, by-product electrical 
power is possible so the plant was designed to produce the 
maximum amount of this power possible. Since coal 
is relatively expensive in the plant area, it was decided 
to continue the use of pulverized coal in order to utilize 
the extremely small size coal available at lowest prices. 
Accordingly, refinements in methods of soot blowing, 
burner arrangement, and both coal and ash handling 
were incorporated in the boiler design to facilitate use 
of this type of coal. 

The steam necessary at the Nekoosa mill alone was 
studied but as the power system depended on three 
sources of hydroelectric power, substantially augmented 
by two sources of by-product steam power, the electrical 
needs were studied as an overall system. 
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Bowler Equipment 


Loading diagrams were prepared to show the maximum 
required steam loading upon which a new boiler size 
might be selected. This was based upon the steam 
load for the maximum month, minimum average hydro 
generation over the last ten years, peak electrical loads 
on the entire system, and maximum capacity of the 


chemical recovery boiler unit which existed under the’ 


new conditions. 

The resulting steam loading indicated that approxi- 
mately 75,000 lb. per hr of additional steam would be 
necessary, and since the existing 475-psi pulverized- 
coal-fired boiler was normally loaded to full capacity 
most of the year an additional boiler of the same size 
was selected. This would allow some easing of the loads 
on the existing boiler, duplication of equipment and per- 
mit some additional growth. 

This size boiler could be located in the area presently 
occupied by two of the existing five low-pressure boilers, 
and by retaining the other three, it is expected that dur- 
ing a period of roughly six or eight weeks in mid-summer, 
loads will be such that one of two large 475 psi boilers 
could be out of service for periods of necessary overhaul 
and maintenance. 

Because of the necessity for additional electrical power, 
temperatures and pressures other than the 475 psi, 
700 F total temperature were investigated. This in- 
vestigation indicated that because of the lack of con- 
densing power, the additional investment would not 
pay off. 


Accessory Equipment 


The existing plant deaerator and condensate-return 


system was inadequate for the then existing plant. 
Only about 3!/2 min storage of feedwater was available 
and it was felt that this condition would be intolerable. 
Loading studies indicated an average load of 300,000 
Ib an hour of steam would be required under winter 


conditions in this locality, and accordingly a new deaerat- 


ing heater and storage tank wasinstalled. The dearating 
heater was designed for a capacity of 400,000 Ib per hr, 
and the storage tank to hold 75,000 lb of water or roughly 
15-min supply under average loading conditions. 

One new boiler feed pump, steam-turbine driven, was 
purchased for use during winter heavy load conditions. 
The steam turbine will supply, in connection with trap 
returns from the process, continuous blowdown system, 
and other sources of waste steam, just about enough 
exhaust steam to meet feedwater heating requirements. 
Any additional steam required for this purpose will come 
from the 30-lb steam system through a reducing valve. 
It is contemplated that one of the existing smaller feed- 
water pumps will carry the plant load during the larger 
part of the summer season, or the two in parallel will 
carry the loads in the winter season. This will always 
leave one or more feed pumps idle, ample time being pro- 
vided for maintenance and standby capacity. 

The coal-handling stystem, continuous blowdown 
equipment, ash-handling equipment, combustion con- 
trol, feedwater regulation, ventilation, coal scales and 
feedwater treatment are, in general, extensions of the 
existing systems. The installation of the equipment 
and clearing of the site involved the removal of two 
stoker-fired boilers, their coal bunkers, removal of their 
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induced-draft fans, ductwork, and relocation of an exist- 
ing bucket elevator which was in front of the stoker- 
fired boilers. 

The latter boilers were then equipped with a small coal 
silo, and the existing bucket elevator adapted for use with 
this silo. Further adaption was made to transfer coal 
from the old bucket elevator to the new bunkers supply- 
ing the two large pulverized-coal-fired boilers. This 
was done in order to provide two methods of getting 
coal from the car to the main boiler coal bunkers, per- 
mitting maintenance on any of the coal-hoisting equip- 
ment at any time and thereby promoting continuity of 
operation. 


New Turbine 


The steam loading diagrams showed the maximum 
required steam loading upon which a new turbine size 
might be selected. Conditions of minimum hydro 


Steam operating panel for the new turbine-generator 


generation over the past ten years, minimum steam re 
quirements over the calendar year, maximum steam 
available from wood refuse (which reduces by-product 
power available from turbine extraction), no steam flow 
to dryers of paper machines but full power required to 
keep paper machines running, and peak electrical loads 
on the system were considered. The important by- 
product power, previously discussed, was always re- 
ceiving utmost consideration. Finally, studies of elec- 
trical power requirements of the new paper machine and 
pulp requirements were superimposed upon the elec- 
trical loads of the existing system to determine the total 
electrical requirements. 

Under worst conditions it was considered that 6400 kw 
would be required for the expansion program. Ac- 
cordingly an 0.8 power factor 6000-kw turbine-generator 
was selected with extraction at 30 psi pressure although 
this size provides no expansion for future growth con- 
ditions. However, variations in river flow conditions 
should provide ample time for planned maintenance and 
overhaul periods so that the equipment can be kept in 
best condition for low-water periods. 

Load studies further indicated that condensing power 
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would be needed only an average of five months of the 
year; during the remaining time the condenser would 
be run at minimum load. Due to the fact that the tur- 
bine would be run only at times when extraction loads 
would be available, and that the expected average con- 
denser load would only be 2000 kw, a condenser with 
capacity to operate under 4 in. of vacuum at full load 
selected. Two half-capacity circulating water 
pumps and two half-capacity condensate pumps were 
selected in order to save power under high extraction 
conditions. 


was 


Electrical Equipment 


The new addition of the new block of power provided 
by the turbine-generator called for a complete review 


chased for the transformer installations mentioned, as 
well as for existing 15,000/480-volt transformers and 
1500/2300-volt transformers. All of the foregoing are 
rated 500 mva interrupting capacity and will be ample for 
a long time to come. Existing inadequate size switch- 
gear at other plants is presently being studied with view 
to replacement on a planned program covering a num- 
ber of years. 

A new 2300-volt distribution center was set up in the 
turbine room distributing to the boiler plant, new paper 
machine, and tied back through the 7500-kva transform- 
ers, previously mentioned, into the old system. This 
should add stability to the system, particularly the new 
paper machine, in case of trouble on tie lines between 
plants or at other plants. 


New 6000-kw turbine generator 


of the electrical connections between the various plants. 
These are connected by a 15,000-volt system originating 
at the 3600-kw Centralia Plant connecting with the 
Port Edwards mill hydro and steam plant and thence to 
the Nekoosa mill hydro and steam plant. The new 
6000-kw generation indicated that the interrupting ca- 
pacity of the 15,000-volt switchgear at most locations 
was inadequate. This was particularly so at the Ne- 
koosa plant and it was decided that at this plant a com- 
plete revision was necessary. 

\ new three-phase outdoor 750@-kva transformer was 
installed between the existing 15,000-volt line and the 
new turbine room. The existing 480-volt mill distri- 
bution bus was split in order to add safety to the existing 
distribution switchgear and a new three-phase, 2000- 
kva, 15,000/480-volt transformer was installed. New 
15,000-volt air-break metal-clad switchgear was pur- 
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Power is distributed to the paper machine at both 
2300 and 480 volts, all paper machine motors over 200 
hp operating at 2300 volts and smaller sizes at 480. 
The boiler room is provided with a 2000-kva 2300/480- 
volt transformer load center, and complete metal-clad 
motor-starters are used operated by remote control from 
the boiler operating panelboard. The paper machine 
and the 2300-volt motor starters are all of the 
latest metal-clad type, with provisions for remote start- 
ing and stopping of motors from panels strategically 
located in the paper-machine room for convenience of 
operation. Two 1500-kva 2300/480-volt transformer 
load centers are provided for the 480-volt motors in the 
paper machine and stock preparation rooms. All motor 
starters operating at 480 volts are also of the latest 
metal-clad type with similar remote operation as noted. 
This equipment is all housed in separate rooms with pro- 
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vision for expansion of circuits. These rooms are pro- 
vided with forced ventilation, featuring self-cleaning 
filters for maximum cleanliness. 


Paper Machine Prime Mover 


The paper machine proper, which consists of the four- 
drinier wire section, a main bank of 5-ft diameter by 
178-in. long dryers, a secondary bank of 4-ft diameter 
by 178-in. long dryers, calendars, paper reels and other 
equipment, is driven by a 400-psig 700-F multi-valve 
multi-stage turbine and reduction gear, set into a base- 
ment lineshaft. This turbine is rated at 1000 hp which 
is sufficient to operate the machine when producing paper 
at 1500 fpm. 

The turbine is expected to operate at a range of speeds 
from roughly 1500 to 4200 rpm. depending on the paper 
being manufactured. Special governing equipment is 





supplied, which will maintain the turbine speed constant 
at any point, plus or minus 0.2 of one per cent, or maxi- 
mum variation in paper speed of about 6 ft per minute, 

The turbine operates under a constant back pressure 
of 30 psig, exhausting into the extraction line connected 
with the 6000-kw turbine extraction and the exhaust of 
the 3500-kw turbine. Economy studies indicated that 
the additional cost of a multi-valve multi-stage turbine 
to drive the paper machine over that of a single-valve, 
single-stage machine was highly profitable due to the 
additional power produced on the main generating units 
by the increased amount of 30 psig extraction or exhaust 
steam which they would supply. 

Engineering design and construction were carried out 
by Chas. T. Main, Inc., Boston, Mass., in cooperation 
with the Engineering Department of the Nekoosa- 
Edwards Paper Company. 


Principal Equipment Involved in Nekoosa-Edwards Paper Co. . 
Power Expansion Program 


STEAM GENERATING EQUIPMENT 


Combustion Engineering - Super- 
heater, Inc., 110,000-lb per hr 
continuous (125,000 lb for 2 hr). 
700 F T.T., 475 psig. 

C-E tubular two sections 18,500 
sq ft. 

Pulverizers (two) C-E 4 burners. 11,000 Ib per 
hr each on midwestern coal. 

American Blower Corp. 83,500 cfm 
@ 11.8 in w.g. 375 F, 860 rpm out- 
let damper. 

American Blower Corp. 43,500 cfm 
@ 9.5in. w.g. 100 F, 1170 rpm, inlet 
vane damper. 

Electric Machinery Mfg. Co. for 
i. d. Fan. 


Boilers 


Air preheater 


I. D. Fan 


F. D. Fan 


Magnetic coupling 


Elliott Co. 3550 rpm, 360 hp, 400 
psig, 700 F inlet, 5 psig back pres- 
sure. 

Infilco, Inc., split-stream hydrogen 
zeolite, 450 gpm maximum rate 

Dearborn Chemical Co. 


Boiler feed pump turbine 


Water treatment (three) 


Chemical feed pumps 


MISCELLANEOUS EQUIPMENT 


Liquid level equipment and Fisher Governor and Cochrane Corp. 
reducing valves 
Feedwater controls 
Desuperheaters (three) 
Makeup pumps (two) 


Bailey Meter Co. 

Swartwout Co. 

Goulds Pumps, Inc., 350 gpm, 150 ft 
head. 

Industrial Equipment Co., 15 ton, 1 
hook. 


Turbine room crane 








Magnetic coupling 


Pulverizer and fan motors 


Dust collector 
Soot blowers 


Water columns 
Safety valves, valves, etc. 


Coal-handling equipment 


Car shaker 


Combustion control, steam 


meters, etc. 


Electric Machinery Mfg. Co. for i. d. 
Fan. 

Electric Machinery Mfg. Co. 

Western Precipitation Corp. 

Diamond Power Specialty Co., two 
retractable in screen tubes, two 
retractable side wall blowers, ten 
stationary. 

Diamond Power Specialty Co. 

Manning, Maxwell & Moore, Ed- 
wards, Crane. 

Stephens-Adamson Co. ‘‘Redler”’ 
vertical and horizontal conveyor, 
reciprocating feeder, crusher, Syn- 
tron vibrator. 

National Power Equipment Co. 

Bailey Meter Co. 


POWER GENERATING EQUIPMENT 


Turbine-generator 
Condenser 
Circulating pumps (two) 


Condensate pumps (two) 
Air Ejectors (two) 
FEEDWATER EQUIPMENT 


Feedwater heater 


Boiler feed pump 
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Elliott Co. 6000 kw, 0.8 pf, 3600 rpm, 
400 psig, 700 F, 30 psig extraction 
pressure. 

Worthington Corp. 4500 sq ft hori- 
zontal two-pass divided water 
box. 


Worthington Corp. 2500-gpm 
double-suction, centrifugal, 1200 
rpm. 


Worthington Corp. 150 gpm, center- 
suction, centrifugal, 1200 rpm. 
Worthington Corp. 108 sq ft. 


Cochrane Corp. Spray-tray type, 
400,000 lb per hr. 

Ingersoll-Rand 375,500 lb per hr 592 
psig discharge, 3550 rpm. 


Ventilating equipment 
Coal Scales (two) 

Oil filtration system 
Paper-machine turbine 


ELECTRICAL EQUIPMENT 


15-kv switchgear 

5-kv switchgear 
2400-volt motor starters 
480-volt motor starters 


Outdoor transformer 


Unit substations (two) 


Unit substations (two) 


2400-volt bus duct 
480-volt bus duct 


Cable trays 
Station control battery 


American Blower Corp. 

Stock Equipment Co. 

Bowser, Inc. 

Worthington Corp., variable speed 
to 500/4500 rpm, 1000-hp, 400 
psig, 700 F t.t., 30 psig back pres- 
sure, multi-stage, multi-valve, di- 
rect-connected to double-helical 
speed-reducing gear, 3940/500 
rpm, Woodward governor. 


Westinghouse Elec. Corp. 15 kv, 
1200 amp, 500 mva interrupting 
capacity. 

Westinghouse Elec. Corp. 5 kv, 2000 
amp, 250 mva interrupting ca- 
pacity. 

General Electric limit amp control. 

Cutler-Hammer ‘Unitrol,” fused 
combination starters. 

Westinghouse Elec. Corp. 7500-kva, 
15-kv/2400 volt 3-phase, 60-cycle. 

General Electric 1500-kva, 2400/ 
480-volt with 3-AL-2-50 800-1200 
amp secondary breakers. 

General Elec. 2000-kva, 2400/480- 
volt with 2-AL-2-50, 1200 amp 
and 1-AL-2-75 secondary breakers. 

Westinghouse Electric Corp. 15-kv, 
2000-amp duct. 

Bulldog Electric LoX duct in 800 
amp and 1200 amp sizes 

Cope cable trays—6, 12 and 18 in. 

Exide Manchex, 60 cell, General 
Elec. Phano-charger 12!/. amp. 


Consulting Engineers—Chas. T. Main, Inc., Boston, Mass. 
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Turbulent 
Suspension 
Burning 


By OTTO DE LORENZI* 


in which wet material is dispersed in a stream of 

heated gas, under suitable conditions of particle 
size and temperature differential, so that a major portion 
of the moisture is flashed into vapor and carried off by 
the gas stream. 

A paper by this author presented at the 1949 Semi- 
Annual Meeting of the ASME in San Francisco stated: 
“Use of the two-stage furnace, comprising a Dutch- 
oven and a secondary combustion chamber, has been 
generally accepted as a standard for hog fuel and other 
kinds of wet-wood refuse. Recently, however, large- 
scale experimental installations of the single-stage 
furnace using both underfeed and spreader firing have 
been operated successfully. Asa result of these develop- 
ments, there are now available, for many types of 
installations, simplified combustion systems, having high 
inherent capacity, to which automatic controls may be 
easily applied.’’ Since this was written, however, 
spreader applications have found almost universal favor, 
and underfeed designs have been discarded. 

For a conventional spreader-stoker installation the 
distributors are located in the front wall at an elevation 
of from 3 to 4 ft above grate level. Flight of fuel from 
distributor to grate is quickly completed over a rela- 
tively short and flat trajectory. Some of the smaller 
particles are carried upward by the gas stream and thus 
never reach the grate. The major portion of the fuel, 
however, has hardly started through drying and de- 
volatilization stages before it reaches the fuel bed. 
With this arrangement only a limited amount of moisture 
is flashed into vapor, and thus a greater part of drying 
and practically all of the combustion process actually 
takes place after the fuel comes to rest on the grate. 
This characteristic of the conventional spreader installa- 
tion makes it necessary to supply practically all air for 
combustion through the grate and thereby limits the 
amount which may be used overfire for producing fur- 
nace turbulence or for effecting fly ash return. Fur- 
thermore, if there is any erratic or slug feeding, particu- 
larly with high-moisture fuels, partial quenching of the 
bed will immediately follow these periods of heavy feed. 
During intervals between slugs the fuel bed will gradu- 
ally brighten, as drying and devolatilization of the fresh 
charge progresses. Operating results under these con- 


fin wh drying may be briefly described as a process 


° whens of Education and Fuels Consultant, Combustion Engineering- 
Superheater, Inc., New York, N. Y. 
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The following discusses improvements 
in the burning of wet bark and wood-room 
refuse either separately or in combination 
with coal, oil or gas by employment of a 
high-set traveling grate spreader stoker, 
employing the principle of flash drying. 
The text is adapted from a talk by the 
author before the Alkaline Pulping Divi- 
sion of the Technical Association of the 


Pulp and Paper Industry at Mobile, Ala., 
in November, 1952. 


ditions are somewhat less favorable than where con- 
tinuous controlled feed is used. 


High-Set Feeders 


To take full advantage of flash-drying effect in a 
spreader installation, it is necessary to increase the time 
for flight of fuel through the furnace atmosphere. This 
can be accomplished by locating the feeders at an eleva- 
tion of from 12 to 20 ft above the grate level. Inasmuch 
as a major portion of the burning will now occur through- 
out the furnace cavity, it becomes necessary to re- 
arrange distribution of the air supply so that a much 
larger percentage is made available above the fuel bed. 
Nozzles for this increased overfire air supply are best 
located in the four furnace corners below the feeders. 
With this arrangement it is possible to use large fuel 
particles, because they are spun around in flight by the 
high velocity streams and retained in the rising column of 
burning gas for a greater length of time before coming to 
rest at grate level. It is this increased time of flight 
through the hottest furnace zone that causes: moisture 
to be quickly flashed into vapor; partial or complete de- 
volatilization of the fuel to take place; and residual com- 
bustible constituents to become ignited before reaching 
the grate. Slug feeding produces no noticeable changes 
at fuel-bed level, consequently there are no adverse 
effects on operating results. This arrangement of feeders 
and overfire air has changed materially the operating 
characteristics of spreader stokers by producing real 
turbulent suspension burning. 

Turbulent suspension burning may therefore be de- 
fined as the principle of showering relatively large parti- 
cles of solid fuel downward, from some considerable 
height in a towerlike furnace, through relatively large 
































Fig. 1—Spreader stoker applied to an existing two-stage 
furnace for plywood mill in British Columbia 
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quantities of highly turbulent gas and overfire air to 
effect: flash drying; partial or complete devolatilization; 
ignition of fuel constituents; and finally, uniform distri- 
bution of the residual fuel to the grate surface, in the 
lower furnace zone, where combustion is completed 
through reduced percentages of undergrate air. 

Since 1949 the majority of new installations that use 
some form of wood or cellulose fiber refuse, as primary 
fuel, are spreader-stoker equipped. These steam generat- 
ing units employ single-stage furnaces without arches of 
any sort. Furnace walls are water-cooled so as to mini- 
mize refractory exposure and thereby reduce sintering of 
ash and sand, with the result that in-service time between 
maintenance shutdowns is extended materially. 

In some instances older two-stage furnaces, employing 
cone or pile burning, have been changed over to spreader 
firing by installing suitable distributor units and grates 
in the original Dutch ovens. Relatively thin and level 
fuel beds replace the previously used piles, with aresultant 
speed-up in responsiveness to changes in steam demand, 
as well as increased burning capacity. 

One of the earliest successful installations for spreader 
stoker burtiing of wet-wood refuse with a wide variation 
in size consist was in a British Columbia plywood mill. 
In this instance the original steam generating plant con- 
sisted of three bent-tube boilers, two rated at 440 hp and 
one at 368 hp, all equipped with Dutch-oven furnaces for 
pile burning. The small unit was changed by installing 
a single spreader distributor. The original grate, 7 ft 
wide by 10 ft long, was replaced with one 4 ft 6 in. by 10 
ft. A sectional side elevation of the revised unit is shown 
in Fig. 1. The fuel is an indeterminate and continuously 
varying mixture of bark, slivers, chips, shavings, and 
sawdust from salt-water-driven fir and hemlock. Mois- 
ture varies from 50 to 65 percent. The comparative con- 
tinuous capacities are 17,500 lb of steam per hour from 
the smaller spreader-equipped unit with a net grate area 
of 45 sq ft, and 20,000 lb of steam per hour for the larger 
cone-burning unit with a net grate area of 120 sq ft. 

In another West Coast installation the conversion from 
pile burning to spreader firing is illustrated by Fig. 2. 
In this instance the grate is 17 ft 6 in. wide by 9 ft 2 in. 
long, having an effective area of 160.4sqft. The second- 
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Fig. 2—Spreader stoker 

applied to a two-stage 

furnace at Pacific Coast Ay . it 
lumber mill : Yr, 2 
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Fig. 3—A West Coast installation for burning wet-wood ref- 
use from a lumber mill 


ary combustion chamber is partially water-cooled and a 
live-bottom surge bin, using a chain-type feeder, is in- 
stalled to assure control of fuel feed. The fuels include 
dry planer shavings, green planer shavings, fir hog, saw- 
dust, cedar hog, hemlock hog, bark and pulp bark plant 
and chipper refuse. These vary in moisture from per- 
haps 8 to 70 per cent and in size from sawdust to coarse 
cedar hog. 

Experience gained with this unit (Fig. 2) has resulted 
in the installation of several other spreader-equipped 
steam generators using water-cooled single-stage furnaces 
similar to that shown in Fig. 3. A heat-release rate of 
24,500 Btu per cu ft of furnace volume and 720,000 

Btu per sq ft of grate are 

used for guaranteed maxi- 

mum continuous capac- 

The fuel generally 
is sawmill refuse com- 
posed of sawdust, planer 
shavings, and hogged bark, 
along with other wood 
refuse. Some of the limits 
encountered are 10 to 70 
per cent sawdust, 30 to 60 
per cent planer shavings, 
and 0 to 50 per cent 
hogged fuel. Where logs 
salt-water borne, 














} usually result from salt 
| Ht and marine encrustations 
HUH ii picked up during transit 
' from forest to mill. With 
fresh - water - borne logs 
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Fig. 4—Unit in a southern paper mill burning wood-room 
refuse and natural gas 


of a minor nature or in some cases entirely absent. 

Some time ago a southern paper mill installed a single- 
stage unit, Fig. 4, for a maximum continuous capacity of 
90,000 Ib per hour with wood-room refuse and 150,000 Ib 
per hour with either natural gas or a combination of 
natural gas and wood. An actual capacity of 115,000 Ib 
per hour has been easily maintained with wood refuse con- 
taining 45 per cent moisture. Wood supply to the four 
spreader distributors is regulated through a live-bottom 
surge bin. Overfire-air jets, angled slightly downward 
through the rear wall, provide added furnace turbulence. 
Use of air at 350 F is of considerable assistance in the suc- 
cessful operation of this unit at 115,000 lb of steam per 
hour with a corresponding grate release rate of 880,000 
Btu per sq ft perhour. The foregoing installations all use 
spreader distributors set in a conventional manner. Dis- 
tribution is solely dependent on speed and adjustment of 
this mechanism as influenced by size consist of the fuel 
used. Designs of this type are indicated for plants in 
which size of steam generating units lie below 70,000 to 
80,000 Ib per hour, or where it is desirable for economic 
reasons to produce steam at lower efficiency, or, where the 
unit also serves as an incinerator for any overproduction 
of non-salable refuse. 


First High-Set Spreader 


During the early part of 1946 an experimental steam 
generating unit, Fig. 5, was placed in service for a south- 
eastern naval stores plant. It included a single-stage 
furnace in which spreader distributors were raised from 
the conventional elevation of 3 or 4 ft to a point ap- 
proximately 19 ft above grate level. Provisions were 
made for supplying all or part of the air for combustion 
through tangentially directed nozzles located in the zone 
below distributor level and above the grate. This unit 
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was, therefore, the first application of the principle of 
turbulent suspension burning as defined in the early part 
of this paper. 

The fuel differs somewhat from ordinary wood refuse 
in that it is a by-product to a process in which old pine 
stumps are first given a preliminary spraying with water 
to remove part of the sand and soil carried by the roots. 
After this rinse the stumps are passed through a series 
of high-speed chippers. The resulting chips then enter 
cookers where steam is used to remove practically all the 
resins and pitch. The spent-wood chips, devoid of the 
flashy ignition characteristics of pine, are then burned to 
produce steam for process requirements. 

Design of this experimental unit was projected for a 
steam capacity of 70,000 lb per hour. The furnace is 10 
ft wide, and active grate area is 123 sq ft. Furnace 
height is 32 ft above the grate. Side walls and rear wall 
are partially water cooled. Overfire-air nozzles are ar- 
ranged for four alternately rotating tangential belts to 
provide the swirling and highly turbulent zone through 
which the fuel must travel on its flight to the grate. Air 
for combustion is actually obtained from three main 
sources: underfire, at room temperature, through the 
stoker grate by furnace-draft induction; overfire from 
the air heater, by the forced-draft fan, to furnace nozzles; 
and leakage through distributor units as well as around 
stoker seals. A live-bottom bin is used to regulate the 
flow of spent-wood chips to the distributors. 

This unit has now been in commercial service for over 
six years during which some changes have been made to 
improve operating characteristics. Design capacity was 
easily exceeded to the extent that 100,000 to 125,000 Ib of 
steam per hour is now normal operating procedure, with 
CO, ranging between 16 and 18 per cent, and smoke of ap- 
proximately No. 1 Ringelmann density. During one 
series of tests a capacity of 142,000 lb of steam per hour 
was maintained for 3 hr, with CO, averaging 18.4 per 
cent, when burning spent-wood chips having a moisture 
content of 37.0 per cent and a heating value of 5600 Btu 
per pound as fired. 
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Fig. 5—Large-scale experimental unit for turbulent burning 
spent wood chips in a naval stores plant 
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Tests and operating experience with this unit have pro- 
vided much fundamental data from which newer designs 
were developed. One of the most important factors es- 
tablished: was -the conservative continuous “apparent” 
grate-liberation rate of approximately 1,000,000 Btu per 
square foot per hour. This rate is conservative because 
it can be exceeded by a wide margin without distress of 
any sort. The word “apparent’’ is used because the 
liberation rate represents all fuel entering the furnace, 
even though a large portion of its heat content is released 
in the turbulent zone above the grate. Several units of a 
similar type are now in various design stages, under con- 
struction, or in regular plant service. The cellulose type 
fuels to be used are from paper mills, saw mills, sugar 
mills, naval stores plants, and furfural producing plants. 
In addition, one unit will operate solely on either low- or 
high-volatile coal. A number will also be equipped for 
burning oil, natural gas, or coal, either separately or in 
combination with the wood. 

One of these newer units, Fig. 6, installed in a large 
eastern paper mill, has now been in continuous service 
for over twenty months. During this period there have 
been only seven outages of short duration. One of these 
resulted from failure of a magnetic-coupling bearing, one 
from general plant operating difficulties, two for adjust- 
ments and correction of expansion clearances, and three 
for inspection during holiday shutdown of the entire mill. 
Design capacity is 90,000 Ib of steam per hour at 430 psi 
and 613 F when burning pine bark containing 40 per cent 
moisture. A capacity of 100,000 lb per hr was also 
guaranteed for coal and fuel oil. Forced- and induced- 
draft fans, however, were provided for an output of 150,- 
000 lb per hour, in the event the unit possessed the high 
capacity indicated by experience with the test unit shown 
in Fig. 5. 

The fully water-cooled tower-like furnace has a height 
of 44 ft from top of grate to underside of roof. Furnace 
volume is approximately 6200 cu ft. Distributors are 
located 17 ft above the grate level and 17 ft 9 in. below 
the lower edge of the entrance into the first boiler pass. 
The stoker grate is 13 ft wide and has a gross area of 192 
sq ft. Air for combustion is available at temperatures 
up to 550 F, and the undergrate air supply may be tem- 
pered to 350 F through use of a bypass damper. At 
design capacity, with wood fuel, furnace liberation rate is 
19,600 Btu per cu ft per hr, and grate heat release rate is 
610,000 Btu per sq ft. Predicted efficiency is 75.0 per 
cent. 

The tangential overfire-air nozzles are in the furnace 
sidewalls between the distributors and top of grate. In 
addition, two rows of horizontally opposed nozzles are 
located 18 in. above the front and rear ends of the stoker. 
A third row of horizontal nozzles is placed in the rear wall 
at an elevation of 13 ft above grate level. Four sets of 
tangential oil burners, with intermediate air nozzles, are 
installed in the side walls, approximately 3 ft 6 in. above 
the distributor level. Overfire jets, in addition to sup- 
plying the larger portion of air for combustion, are also 
used to distribute the residual fuel. Thus the distribu- 
tors throw fuel into the furnace, where it is then swirled 
around and spread out by these jets and then uniformly 
deposited on the grate. 

A large live-bottom surge bin is located in front of the 
unit above distributor level. Sixteen helicoid screws 
discharge the feed to four distributors. Inasmuch as 
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coal may also be burned, these screws are driven by four 
variable-speed motors having a speed range of 50-1 to as- 
sure positive feed control. 

A multi-tube dust collector is installed between the 
air-heater outlet and induced-draft faninlet. The fly ash 
reinjection system returns all collected carryover to the 
lower part of the furnace through four nozzles in the rear 
wall and two in the side walls. In the original concept 
of turbulent suspension burning, it was assumed that the 
use of extreme turbulence in a tall furnace would produce 
no more fly ash carryover than obtained with convention- 
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Fig. 6—Unit employing turbulent suspension burning of 
wood-room refuse, coal and oil 


al spreader firing. Many tests have shown this to be a 
correct assumption, even though 100 per cent reinjection 
is used. 

At present the wood-room of this mill is operated six- 
teen hours per day, and no storage area is provided for 
excess wood-refuse production. Consequently, this ref- 
use is burned at the rate at which it is produced, except 
for some over-run which is used to provide a full bin to 
carry the unit, at reduced load, over the daily eight-hour 
wood-room shutdown period. The wood for this unit isa 
species of pine commonly found along the mid-eastern 
coastal areas. It consists mainly of bark together with 
varying quantities of culls, knots, butt-ends, and other 
similar wood-room refuse. Moisture content varies 
from 30 to 50 per cent. A representative moisture-free 
proximate analysis is volatile 75.42 per cent, fixed carbon 
23.04 per cent, ash 1.54 per cent, and Btu per pound 9260. 
High-speed rotating-cylinder knife hogs assure well-sized 
fuel at all times. The use of this equipment adds to 
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steam production costs, but these are more than offset 
by savings in purchased fuel. Furthermore, relatively 
uniform size consist facilitates feeding. 

Operating flexibility of this unit is illustrated by the 
two typical steam-flow charts shown in Fig.7. The upper 
one shows a 24-hr record of almost steady steam output 
at approximately 100,000 Ib per hr when burning low- 
volatile semi-bituminous coal. The lower chart is an ex- 
ample of wide-range flexibility when burning wood at a 
variable wood-room production rate. The actual load 
varied from 10,000 Ib per hr to a maximum of 160,000 Ib 
per hr with sudden increases or decreases of as much as 
125,000 Ib per hr. 

A more detailed discussion of this unit's performance 
was presented in a paper by R. Ellwanger, Chief Engineer, 
of The Chesapeake Corporation of Virginia, West Point, 
Va., before the Virginia division of TAPPI at Richmond 
in September 1951, in which he said: 

“The following heat balance tabulation illustrates 
typical performance at a rating of 130,000 Ib of steam 
per hour: 


Per cent 
Heat loss due to dry gas 5.9 
Heat loss due to moisture and hydrogen in fuel 13.7 
Heat loss due to carbon monoxide 0.2 
Heat loss due to combustible in refuse 1.0 
Heat loss due to radiation 0.5 — 
Actual boiler efficiency by difference 78.7 
Guaranteed boiler efficiency at 90,000 Ib of steam 
per hour 75.0 


“It is interesting to note that the unit is often operated 
at a capacity of 160,000 Ib per hour for three to four 
hours.” 

Mr. Ellwanger further stated that several performance 
tests have indicated the total carbon loss to the stack 
and ashpit to be of the magnitude of 1.0 per cent, which 
results he attributed principally to the design of furnace 
and jets, as well as efficiency of the reinjection system. 

Operating tests, when burning fuel oil, low-volatile or 
high-volatile coal, have repeatedly shown that guaran- 
teed capacities are also easily exceeded. On one occasion 
an output of 160,000 Ib per hour was maintained without 
difficulty with high-volatile (35 per cent) bituminouscoal. 
In fact, had additional fan capacity been available, the 
limit might well have been raised to somewhere between 
175,000 and 200,000 Ib of steam per hour. 

Performance was so satisfactory that there is no hesi- 
tancy in using almost any ratio of coal to wood, provided 
separate feeders are installed. Discharge of fuel from 
the wood and from the coal feeder is simultaneously con- 
veyed to the distributor where mixing occurs. With this 
arrangement controls may be applied to maintain con- 
stant capacity by changing coal-feed rate to compensate 
for variations in available wood supply. 

When burning fuel oil only, all combustion air is sup- 
plied in the immediate vicinity of the atomizing nozzles. 
The whirling and highly turbulent mass of burning oil 
vapor rapidly spins around in a narrow band, which 
is not much more than 12 to 14 ft wide. Immediately 
below and above this zone the furnace atmosphere is ab- 
solutely clear, even though excess air is held to a low 
level. This action clearly demonstrates that high tur- 
bulence, properly applied, will accelerate completion of 
the combustion process. A contributing fagtor is the in- 
creased time element during which individual particles of 
burning fuel may make one or more circuits of the furnace 
perimeter. 
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Fig. 7—Typical steam-flow charts 


Notwithstanding the extremely satisfactory perform- 
ance of this unit, every advantage will be taken to 
modify designs in the interest of still further improving 
operating characteristics. Some of the more recent modi- 
fications are illustrated by the unit shown in Fig. 8. 
Except for minor changes in arrangement of tangential 
nozzles and elimination of the three horizontal jet rows, 
the furnace is practically the same as for the unit in Fig. 
6. The pendant superheater has been moved forward 
into the upper part of the furnace so that it now conforms 
more closely to those used with chemical-recovery units. 
A single-pass baffleless boiler has been substituted for the 
previously used three-pass type. This newer unit lends 
itself to design standardization in which capacity is a 
direct function of furnace width. 

Regardless of the method employed for firing, the fuel 
size is an important factor which has considerable effect 
on furnace performance. It may be stated breadly that 
any wood refuse which can be handled by controllable 
feeding systems may also be used for cone burning or 
spreader stokers. Operating results, however, favor those 
installations where the oversize is hogged and size con- 
sist is maintained as constant as is reasonably possible. 
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For turbulent suspension burning reference has been 
made to a designed heat-release rate of 1,000,000 Btu per 
sq ft of grate per hour, without establishing any limiting 
Selection of the actual rate to be used, however, 
is influenced by fuel size consist. Any considerable in 
crease in size of the larger particles will make it necessary 
to carry out a greater portion of burning at grate level and 
thereby reduce the quantity of air used overfire. Con- 
sequently, a range of from 900,000 to 1,100,000 Btu per 
sq ft will prove adequate for usual variations in fuel size 
normally encountered. Further accumulation of a wide 
variety in operating experiences together with additional 
design changes will, no doubt, increase materially these 
presently established liberation rates. 

It is of interest to recall that when using wet wood fuel 
for cone burning the design is based on an approximate 
grate-release rate of 500,000 Btu per square foot. Effi- 
ciency is in the order of 58 percent. Maximum effective 
grate length for a single cone is 10 ft. Under these con- 
ditions capacity per foot of furnace width will be ap- 


tactors. 
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Fig. 8—Modified design of unit for turbulent suspension 
burning which permits extensive standardization 


proximately 2750 lb of steam per hour. For conven- 
tional spreader installations the liberation rate is 750,000 
Btu per sq ft, and an efficiency of 70 per cent provided an 
air heater is used, and the effective grate length 12 ft. In 
this case the resulting capacity is 6000 Ib of steam per 
foot of furnace width. With turbulent suspension burn- 
ing the grate length may be 16 ft or perhaps even longer. 
Using an efficiency of 78.7 per cent as reported by Mr. 
Ellwanger, and a grate release of 1,000,000 Btu per sq ft, 
the corresponding capacity will then be 12,000 lb of steam 
per foot of fufnace width. This capacity-width factor 
together with the ability of turbulent suspension burning 
to quickly follow changes in steam demand and also oper- 
ate over a wide load range provides the yardstick whereby 
the value of this new development may be appraised. 
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Large Generator to Employ Liquid 
Cooling 


The first large generator having liquid-cooled stator 
conductors will be installed in the new Eastlake power 
station of the Cleveland Electric Illuminating Company, 
The rotating field windings will be cooled directly with 
hydrogen. Liquid cooling is said to make possible the 
design of units of higher capability. 

This generator is part of a 208,000-kw tandem—com- 
pound G. E. unit scheduled for service late in 1955, 
Meanwhile, there will go into service this coming summer 
three 125,000-kw conventional hydrogen-cooled units, 
each provided with steam by a C-E controlled-circulation 
boiler, as will also the larger unit. 
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AIEE Winter General Meeting 


IGHTY-THREE _ sessions and 
E symposiums, at which were pre 
sented more than 380 papers, featured 
the 1953 Winter General Meeting 
which was held at the Hotel Statler, 
New York City, on January 19-23. 
With an attendance of more than 4500 
engineers the meeting proved to be the 
largest held by the Institute since its 
founding in 1884, 

In a welcoming address, Donald A. 
Quarles, president of AIEE, placed 
strong emphasis on increased unity 
within the engineering profession. He 
not only discussed the action already 
taken by the Engineers’ Joint Council 
but also expressed the viewpoint that 
the unity organization should serve 
the common welfare, as distinguished 
from the welfare of one economic group 
as against another. He concluded his 
address with the following thought: 


“While I do not at all imply that 
efforts to improve the economic status 
of the engineer are improper, I do hope 
that we can keep the objectives of the 
proposed national unity organization 
on a high professional plane, in the 
faith that by serving the national 
welfare as a prime objective, such an 
organization would in the long run 
best serve the interests of the engi 
neering profession; and conversely, 
that any tendency to lower its sights 
and direct its efforts toward more 
selfish ends, would in the long run 
injure rather than advance the profes- 
sion.” 

The Edison Medal was presented to 
Dr. V. K. Zworykin, RCA television 
and electronics pioneer, for his out- 
standing contribution to the concept 
and design of television components 
and systems. In a response emphasiz- 
ing the impact of television on present 
day society Dr. Zworykin made this 
observation: 

“The scientific application of tele- 
vision has been furthered particularly 
through the development of highly 
compact industrial television equip- 
ment, combining simplicity and flexi- 
bility with low cost. Television 
cameras weighing only a few pounds 
observe manipulations with explo- 
sive materials from exposed vantage 
points. Wherever high temperatures, 
close quarters, and remoteness render 
observation difficult, the television 
camera becomes an effective substi- 
tute for a human observer. In con- 
trol applications it allows a single 
observer to watch several separated 
events at the same time.” 

Elgin B. Robertson, head of an 
electrical distributor firm in Dallas, 
Tex., was nominated for the presi- 
dency of the Institute. 
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Engineering Training 

In a paper entitled “Management 
Responsibility for Development of 
Engineers’ Francis K. McCune of 
General Electric Co. stated that any 
plan for the development of engineers 
should provide for progess along four 
separate but interrelated lines. These 
include development of (1) his tech- 
nical ability, (2) organization ability, 
(3) professional society participation 
and (4) qualities to exercise leadership 
in society generally. 

Following an extensive analysis of 
these areas in terms of his company’s 
training program, Mr. McCune, in 
summarizing, offered the following 
outline of factors which should be 
made a part of the development of 
young engineers: 


1. A plan for their selection. 

2. A plan for specialized training 
and orientation and appropriate 
evaluation upon first coming to work. 

3. A plan for advanced technical 
education appropriate to the aims and 
objectives of the company. 

4. A logical and effective plan of 
company organization. 

5. Acontinuous system of properly 
appraising the contributions of the 
individual engineer. 

6. Astrong interest in the engineer 
and a means for effectively guiding him 
along either the path of supervision 
and management or on the path of 
individual technical attainment. 

7. The necessary and appropriate 
means for assisting the engineer to be- 
come more competent in either of the 
paths described. 

8. A real interest in the engineer 
and a plan to help him with his partici- 
pation in professional societies. 

9. A plan to interest and stimulate 
the engineer not only in a field of 
technical or management attainment 
but also in the field of economic and 
political understanding 


Air Pollution Prevention 


A paper was presented by H. A. 
Bauman of the Consolidated Edison 
Co., New York, entitled ‘Air Pollu- 
tion Prevention in Electric Generating 
Stations.”” In operation of electro- 
static precipitators it is of utmost 
importance to obtain the highest pos- 
sible peak voltage on the electrodes. 
The ratio of the effective area of the 
collecting plates to the gas flow 
through the precipitator should be 
made as large as economically practi- 
cabft in order to obtain high collection 
efficiencies. When combustible con- 
tent of fly ash exceeds 10 per cent 
precipitator efficiency is substantially 


reduced. Stack design is important 
because much can be accomplished 
by better diffusion of gases into the 
atmosphere. 

H. J. White of the Research Cor 
poration presented a second paper on 
air pollution entitled ‘Electrostatic 
Precipitators for Electric Generating 
Stations.’’* This method of prevent- 
ing fly ash emission has been success- 
fully used for nearly 30 years and de- 
spite the use of lower grade coals and 
more stringent emission ordnances, 
there has been a continuing trend 
toward cleaner stacks and higher col- 
lection efficiency. Practical solutions 
now exist for most of the problems re- 
lating to the design and arrangement 
of precipitator equipment, including 
assurance of its reliable and continu- 
ous operation. However, there re- 
main difficult problems of a functional 
nature arising from variations in ash 
characteristics, particularly its resis- 
tivity, and from stratification at the 
precipitator inlet. 


Controllability of Central Stations 


The first of two papers on this sub- 
ject was presented by P. S. Dickey of 
the Bailey Meter Co., whose topic was 
“Controllability of High-Pressure, 
High-Temperature Reheat Steam 
Plants.”” The design trend toward 
the single boiler-turbine-generator 
unit has resulted in a marked reduc- 
tion in the number of instruments and 
controllers per thousand kilowatts of 
plant capacity. Mr. Dickey pre- 
sented a comparison of instrument 
costs for multiple versus single” boiler 
units: 

Number of Cost of 
Inst. and Inst. and 


Cont. per Cont. per 
1000 Kw 1000 Kw 


Plant Date 
: — '39 19 $910 
J — "49 165 $1222 
1 turbine 52 13 748 
1 boiler — 


Although use of a centralized con- 
trol system results in the need for 
some increase in the number of remote 
controls and instruments required and 
some increase in use of alarm and 
protective equipment, the resulting 
improvement in utilization of operat- 
ing manpower far outweighs any addi- 
tional cost or complication of required 
control equipment. 


The second paper in this series, 
“Boiler Designs Developed for Con- 
trollability,”” was presented by P. R. 
Loughin of The Babcock & Wilcox 
Co. He noted that the development 
and application of cyclone steam 


* A more complete abstract of this paper will 
be published in a future issue of CoMBUSTION. 
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separators has greatly increased the 
latitude of permissible water level 
regulation with satisfactory steam 
quality and boiler circulation charac 
teristics. Likewise, progress in devis- 
ing means of steam temperature con- 
trol has kept abreast of the demands 
imposed by higher steam conditions, 
increases in control range and the use 
of the reheat cycle. 

With regard to pressure firing, one 
objective is to obtain higher efficiency 
by eliminating air infiltration and 
having fans pumping cold, dense air 
instead of hot gas. Another objective 
that has not yet been fully attained 
on large coal-fired units is to reduce 
initial investment by elimination of 
induced-draft fans, motors, dampers 
and controls. However, experience 
with seventeen pressure-fired central 
station boilers in successful operation 
has shown as improvement in control- 
lability. 


Interconnected Power Systems 


C. Nichols of the Leeds & Northrup 
Co. presented a paper entitled ‘‘Tech- 
niques in Handling Load Regulating 
Problems in Interconnected Power 
Systems,’’ in which he dealt with fast 
load fluctuations of a cyclic nature, 
such as fringe-load changes. One of 
the basic problems is to select those 
stations and units which will respond 
to sustained load changes. The mag- 
nitude and rate of these changes, to- 
gether with the cost of generation on 
the proposed units, will determine the 
extent of the automatic control sys- 
tem for the interconnection. The 
trend is to distribute the generation 
changes in response to the sustained 
load changes among a large number of 
units in several stations in accordance 
with the most efficient loading sched- 
ule. 

At times when fringe-load varia- 
tions limit maximum power transfer 
on ties to neighboring areas or when 
the rate of change in generation in 
response to sustained load changes 
approaches the rate of change of 
fringe-load variations, investigation 
should be made of the possibility of 
controlling generation automatically 
in response to fringe changes. If it is 
found necessary to control in this 
manner, it is highly desirable from an 
operating standpoint that the per- 
centage of fringe action assigned to the 
regulating stations and units be ad- 
justable independently of the per- 
centage of the sustained control action 
assigned to these stations and units. 


“Effect of Swinging Loads on Steam 
Plant Economy”’ was the subject of a 
paper by W. D. Wilder and H. J. 
Thielke of the U. S. Department of 
Interior, who presented a preliminary 
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progress report on a series of tests at 
the Huntley Station of Niagara Mo 
hawk Power Corporation. These 
tests represented an attempt to deter- 
mine the magnitude of additional costs 
due to swinging loads and were run 
under normal operating conditions. 
For any given load level, two tests 
were run, one under steady load and a 
second under swinging load condi- 
tions. Three turbine-generators were 
used, one operating on a header sys 
tem at 425 psig, 750 F, and the other 
two with single boilers, one delivering 
steam to the throttle at 1250 psig, 900 
F, and the other at 1250 psig, 950 F. 
The authors concluded, on the basis 
of test results, that only minor in- 
creases in steam electric production 
costs are due to carrying swinging 
loads. These increases are of such 
small magnitude that they might well 
be caused by inherent inaccuracies of 
the measuring devices used. 


In a paper entitled ‘Principles of 
Load Allocation Among Generating 
Units,”” E. E. George of Ebasco Serv- 
ices, Inc., pointed out that there is not 
much information available on the 
overall incremental efficiency of boiler, 
turbine-generator and auxiliaries at 
loads between nominal name plate 
rating and maximum capability. 
Also, there is no generally accepted 
definition of maximum capability, and 
data are lacking as to the effect on 
efficiency of either large or small out- 
put variations about a given average 
output as compared with continuous 
operation at the same output. 

In summary Mr. George stated that 
it is necessary to reconcile many elec- 
trical and mechanical considerations in 
scheduling system generation. The 
plant supervisor should be responsible 
for determining availability, minimum 
and maximum loads, permissible rates 
of output change, efficiencies, fuel 
costs and other operating and main- 
tenance problems. Whether to use a 
unit and at what load is the responsi- 
bility of the load dispatcher who is in a 
position to consider availabilities and 
costs of other units, total system load, 
interconnection schedules and various 
electrical limitations. 


Nuclear Power Plants 


In a paper which outlined some of 
the possibilities of the development of 
nuclear power reactors, John Menke 
of Nuclear Development Associates 
expressed a rather optimistic view- 
point toward the commercial feasi- 
bility of power generated from nuclear 
sources. Deposits of uranium, the 
basic fuel for the breeding process, are 
widely distributed geographically, the 
largest and most important being in 

(Continued on page 65) 
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The list grows —the list of utility and industrial’steam generating plants 
for which Green Fans were selected to provide the air necessary for 


combustion purposes. 


Draft fans yield to no other equipment in their impor- 
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tively. They must be conservatively rated. And they 
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New Water Manual 
Published by ASTM 


Of interest to everyone concerned 
with industrial water is ASTM’s 
“Manual of Industrial Water,” a Jan- 
uary 1953 release, prepared by Com- 
mittee D-19. Manual discusses uses of 
industrial water, difficulties caused by 
industrial water, compositions of 
waters and deposits, treatment, sam- 
pling, analysis of water, identifica- 
tion of water-formed deposits. 





Research by Hatch Gives 


New Basie Facts on 
Threshold Treatment for 


Corrosion Control 
Research papers by Dr. G. B. Hatch 


of Calgon, Inc., titled “Protective Film 
Formation with Phosphate Glasses” 
and “Inhibition of Galvanic Attack of 
Steel with Phosphate Glasses”: provide 
a better scientific understanding of 
the mechanism of film formation with 
Calgon. 

Data prove Calgon stops corrosion 
by virtually eliminating flow of cur- 
rent between anode and cathode in 
corrosion cells. 

Research shows Calgon is a cathodic 
inhibitor. All cathodic inhibitors are 
“safe” inhibitors, because they do not 
increase tendency toward pitting. 

Data reveal that protective film is 
formed by electrodeposition process, 
and that Threshold Treatment for cor- 
rosion is quite different from Thresh- 
old Treatment for scale prevention. 

Write if you want a free copy of 
these fundamental papers. 


Pilot Plant Designed for 
Steel Company Results in 
Minimum Cost for Waste Disposal 


A Pennsylvania steel company had to dispose of wash waters evolved 
in the manufacture of producer gas. 
This wash water contained objectionable quantities of phenol, sulfide, 


and cyanide. 


Preliminary study showed that either chemical treatment, or closing 








Industrial Water 


Statistics 


According to U. S. Dept. of Com- 
merce statistics, use of industrial 
water for process has been estimated 
at 80 billion gal per day during 1950. 
This is 8 times the quantity required 
in 1900, although population increase 
in same 50 years was only 2-fold. 

Manufacture of steel, production of 
electric power réquire 50 billion gal- 
lons of the 80 billion per day. Indus- 





Field Reports on Indus- 
trial Water Treatment 


Herman Reda, Service Engineer in 
our Detroit Office, made the following 
report on a food processing plant in 
his area: 

“Turbines have now operated continu- 
ously for 3% years. Prior to use of 
Hall System, plant had to clean units 
every 6 months.” 

A report on boiler water control 
comes from Bill Pfeiffer of the St. 
Louis Office. Report concerns a paper 
company: 

“Client is pleased with silica treat- 
ment. After silica had been fed for 
about 3 months, boilers were opened for 
inspection, found to be much cleaner 
than client ever saw before. Heavy 
sludge usually found in top rear drum 
and mud drum was almost gone. Silica 
is also helping out at the filters, and 


filtered water contains no suspended 


matter. Client cleaned filters with 
Buromin—pleased with results,” 

“Calgon” and ““Buromin” are names 
of phosphate glasses developed by 
Hall Laboratories for industrial water 
treatment and marketed, respectively, 
by its associates, Calgon, in and 
the Buromin Company who have reg- 
istered the names in the U.S. Patent 
Office as trademarks. “Hall System” 
is similarly registered as a service 
mark by Hall Laboratories. 


up wash water system could do the 
job. A Hall Labs staff engineer recom- 
mended use of a pilot plant to deter- 
mine chemical treatment costs. He 
specified equipment for pilot unit, 
and provided detailed instructions for 
operation. Pilot plant showed that all 
hydrogen sulfide and cyanide and 
about 90% of phenol could be removed. 

But cost analysis of chemical treat- 
ment revealed it was 2 or 3 times as 
costly as closing up system. On this 
basis, decision was to install a recir- 
culating system for the producer gas 
wash water. 

Major problem in closed system was 
build-up of suspended solids. Methods 
of controlling this were studied by 
the Hall staff, and recommendations 
made to steel company. 

State antipollution requirements 
were satisfied, and another step taken 
toward clean natural streams with 
the minimum cost to industry. 








trial use of water is estimated to in- 
crease 170 - cent from 1950 to 
1975, according to Materials Policy 


Commission. 


Industrial Water 
Problems Require 
Special Handling 


There are no “stock answers” to 
industrial water problems. For in- 
formation, write, wire or call Hall 
Laboratories, Inc., P.O. Box 1346, 
Pittsburgh 30, Pennsylvania. 








Water is your industry’s most im- 
portant raw material. Don’t waste te 


HALL LABORATORIES, INC.—CONSULTANTS ON PROCUREMENT, TREATMENT, USAGE AND DISPOSAL OF INDUSTRIAL WATER 
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(Continued from page 63) 


the Belgian Congo. Next largest de 
posits are found in the Colorado 
plateau of the United States, while 
Canada ranks third as a source of 
this raw material. A second possible 
fuel for nuclear energy power plants is 
thorium, of which there are large 
deposits in India, Brazil and the state 
of Idaho. 

The breeding process is attractive 
from a commercial viewpoint because 
it affords the possibility of making 
available plutonium for re-sale. Plu- 
tonium has value as (a) an initial 
charge in new power plants, (b) as a 
fuel for atomic engines in naval ships 
and military airplanes and (c) for 
nuclear weapons. 

The economics of the nuclear reac- 
tor must be based on consideration of 
operating costs of a non-fuel type, very 
large capital investments, and negli- 
gible fuel costs. These must be com- 
pared to the conventional steam plant 
with operating costs well established 
through years of experience, moderate 
capital investment and substantial 
fuel costs. 

Mr. Menke was strongly of the 
opinion that free enterprise could 
make a substantial contribution to 
nuclear energy plants by reason of its 
continued preoccupation with cost 
factors. He pointed out that many 
technical difficulties would have to be 
overcome, including the finding of 
methods of taking care of heat releases 
in the reactor core on the order of one 
kilowatt per cubic centimeter. How- 
ever, he felt that these and other engi- 
neering problems could be solved by 
private capital, thus providing a mili- 
tary asset in peacetime without cost 
to the government and one that read- 
ily could be converted to military use 
in time of war. 


M. A. Schultz of Westinghouse 
Electric Corp., in a paper entitled 
“Nuclear Power Plant Control Cen- 
siderations,’ pointed out that in con- 
sidering the output of a nuclear reac- 
tor there is no such thing as ‘‘zero 
power.’ Even in a new reactor which 
has been shut down as much as possi- 
ble, an inherent source of neutrons 
exists which causes a certain amount 
of nuclear fission to occur and pro- 
duces minute amounts of power. Be- 
cause of the existence of secondary 
radiations emitted from fission prod- 
ucts, serious amounts of power from 
these sources may be given off even 
though the reactor has been turned 
off to the best of the ability of the 
operator. From a control standpoint 
this means that auxiliary devices may 
be necessary to dump this spare power 
into a useless load. 
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You, too, can discover — as have 
many public utilities and industrial 
plants—how this amazing air-set- 
ting bonding cement definitely cuts 
maintenance troubles and frequent 
repairs, especially where service is 
severe. Make your own test — try 
Super #3000. You'll wish you had— 
much sooner. 
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@ Ready Mixed-Plastic 


@ Matchless for Resistance 
to Flame Erosion and to 
Abrasion 


@ Withstands both High 
and Low Temperatures 
BETTER 


@ Adhesive — Durable 
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Test It Yourself 
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Advances in Synthetic Fuels 
Technology 


Technical advances in producing syn- 
thetic liquid fuels from coal and oil shale 
for the eighth full year of Bureau of 
Mines activity under the Synthetic Liq- 
uid Fuels Act of 1944 are covered in a 
progress report just submitted to the 
Congress for the year 1952. Highlights 
of the report are: 

1. Advances in oil-shale technology, 
featuring the completion of a 200-ton- 
a-day oil-shale retort, incorporating the 
Bureau-developed gas-combustion proc- 
ess, 

2. Successful operation of a pilot 
plant for retorting oil-shale fines contin- 
uously at high temperatures to produce 
high-test gasoline and chemicals. 

3. Experiments in gasification—an 
important step in producing oil from 
coal—whereby pulverized coal is gasified 
successfully with oxygen and steam at 
pressures up to 450 psi with greatly in- 
creased throughput. 

4. Advancing underground gasifica- 
tion of coal to the point where it was 
shown that gas suitable for producing 
synthetic fuels, pipe line gas, or chemi- 
cals can be made. 

5. Progress in coal hydrogenation 
in which the Bureau developed the first 
American vapor-phase catalyst and pro- 
duced liquid fuels on a demonstration 
scale from Pittsburgh seam coal and 
North Dakota lignite. 

6. Gas-synthesis research, which 
produced a durable Fischer-Tropsch 
catalyst and an economical process for 
removing carbon dioxide from synthesis 
gas. 

The extensive interest of industry in 
the Bureau's synthetic liquid fuels pro- 
gram is demonstrated by the number of 
companies that have joined the Bureau 
in cooperative projects. Of 134 such 
agreements in effect during the year, 92 
were between the Bureau and private 
industry, including engineering, con- 
struction and equipment concerns and 
oil, chemical and coal companies. The 
remainder were between the Bureau and 
educational institutions, individuals and 
other Government agencies. Outstand- 
ing among the industrial cooperative 
agreements are those with the Alabama 
Power Co. for underground gasification 
of coal, with Babcock & Wilcox Co. on 
development of pulverized coal gasifica- 
tion, and with Standard Oil Co. of Cali- 
fornia, Koppers Co., Inc. and Blaw- 
Knox Construction Co., which provide 
resident engineers at the Rifle, Colo., 
oil-shale project. 


Oil from Shale 


At the Ojil-Shale Demonstration 
Plant, Rifle, Colo., experimental data 
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on the gas-combustion process were ob- 
tained in a ten-day retorting run on 
shale of about the grade that would be 
used in a commercial plant. Retorting 
facilities are being expanded by con- 
struction of a 50-ton-a-day unit. Plans 
were made to begin operating the new 
200-ton-a-day gas-combustion _ retort 
early in 1953. The gas-combustion 
process, which dispenses with external 
heating and cooling equipment and re- 
duces water consumption, is particu- 
larly important because the country’s 
large oil-shale deposits are in a semi-arid 
region. 

At the Bureau’s Laramie, Wyo., sta 
tion, successful operation is noted of a 
new pilot plant in which oil shale fines 
are retorted at high temperatures. 
Flexibility in temperature and time var- 
iation permits control over the quality 
and type of products obtained by the 
entrained-solids method. High yields 
of regular- and premium-grade motor 
fuels, important aromatic chemicals, 
and chemical raw materials can be pro- 
duced. 





Oil from Coal 

During the year the Bureau concen 
trated on pressure gasification as a 
means of reducing costs in the gas-syn 
thesis and coal-hydrogenation processes 
Thirty-two runs were made on the pres 
sure gasifier at the Morgantown, W. Va.. 
station. Over 1300 tons of coal per 
hour was fed into a reactor and gasified 
under pressures up to 450 psi. Reactor 
capacity at this pressure was about 8(\) 
Ib of coal per cubic foot compared with 
only 10 to 20 Ib of coal at atmospheric 
pressure. 

Other work at Morgantown included 
34 runs on the atmospheric-pressure 
gasifier, tests on preheating of the coal 
feed stream, and installation of a new 
oxygen-producing plant. 


Underground Gastfication of Coal 

The Bureau of Mines, cooperating 
with the Alabama Power Co., installed 
and operated three-unit underground 
gasification systems at Gorgas, Ala., 
during 1952. Using an electrolinking 
carbonization process originated by the 
Sinclair Coal Co. and the 
School of Mines to open the initial pass 
age, there were produced 1.1 million 
cubic feet of 83-Btu gas per day from 
the first unit, and an average of 2.2 mil 
lion cubic feet of 95-Btu gas per day 
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SAUERMAN SCRAPER 


Picture shows one of the 
larger sizes of Sauerman 
Scraper handling a stock- 
pile 600 ft. in radius. Its 
optimum capacity storing 
and reclaiming is 400t.p.h. 


Simplified equipment means a simplified job—that’s why one 
man can store so much coal so quickly with a Sauerman Power Drag 


Scraper. 


This single operator, at the head end of the installation, controls every 


move through automatic switches—spreads coal rapidly into well packed layers 


that discourage spontaneous combustion. 


| For completely dependable service with a minimum of maintenance, you 
can always rely on world-famous Sauerman equipment. Many 
operators report their machines are good as new after 

more than a quarter century of steady operation. 


Write today for Sauerman Coal Storage Catalog 





SAUERMAN BROS., INC. 


550 S. Clinton St., Chicago 7, Ill. 
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from the second and third units com 
bined. Combustible gas was produced 
steadily during these operations for pe 
riods up to three months. 

Operation of the third unit at Gorgas 
with alternate blasts of air and steam in- 
dicated the possibility of producing a 
300-Btu synthesis-type gas. Gasifica- 
tion with oxygen was attempted for the 
first time late in the year. Oxygen 
was pumped into the third unit to pro- 
duce a synthesis-type gas and, although 
oxygen usage was high, it is believed it 
can be reduced in further work 


Gas-Synthests 


With the indirect or gas-synthesis 
method of producing oil from coal, the 
coal is gasified with oxygen and steam. 
rhe purified synthesis gas, consisting of 
carbon monoxide and hydrogen, is 
passed over a catalyst and converted 
into liquid fuels. The process yields 
gasoline, jet fuel, diesel oil and heavier 
oils. 

Technologists at the Bureau's Bruce 
ton, Pa., laboratory have devised a new 
technique for activating steel shot and 
iron turnings which produced a sturdy, 
long-lived Fischer-Tropsch catalyst 
One of these catalysts was used for six 
months. Pilot plant tests at Bruceton 
indicated that scrubbing impure syn 
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Water 

Conditioning 
Problems 
Require an 


Individual 
Study -- 





HAVE YOU TRIED 
WRIGHT'S 
NEW FUEL OIL 
CONDITIONER? 


Here's a new Wright 
development that elimi- 
nates sludge in oil 
storage tanks... keeps 
screens and _ burners 
clean... insures maxi- 
mum combustion effici- 
ency. Write for com- 
plete details TODAY! 
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thesis gas under pressure with hot, con- 
centrated potassium carbonate is more 
economical than conventional methods 
for removing carbon dioxide. Experi- 
ments made with nitrided iron cat- 
alysts showed that this modified gas- 
synthesis process yields large quanti 
ties of higher alcohols. 

The Gas-Synthesis Demonstration 
Plant at Louisiana, Mo., made four 
exploratory runs during 1952. During 
one run 85 per cent conversion of the 
gas was achieved without undue cat 
alyst deterioration. 


Coal Hydrogenation 


Coal hydrogenation is a two-phase 
process. In the liquid phase, pulverized 
coal mixed with oil from the process 
is reacted directly with hydrogen in the 
presence of a suitable catalyst and under 
pressure. The product obtained—a 
heavy oil—is run through a vapor 
phase in which it is “converted” to 
gasoline and other products. 

In 1952 the Bureau's hydrogenation 
demonstration plant at Louisiana, Mo., 
completed two extended liquid-phase 
operations and one vapor-phase run. 
rhe heavy oil obtained from northern 
Wyoming and Illinois coals in liquid 
phase runs was converted in the vapor 
phase to 435,000 gal of 76- to 77-octane 





A report like this, prepared especially for you, can save you hundreds and often thou- 
sands of dollars in unnecessary maintenance costs and production losses. 

Vright Water Conditioning Service is complete! It starts with a scientific laboratory 
analysis of your individual water condition problems, followed by a written proposal 
for the solution. After you adopt our recommendations, we make constant checks to 
insure proper performance. 

rhis Wright Service is available without cost or obligation. Write us or call your 
Wright Field Engineer today for a complete survey 
of your specific water conditioning problems. 


¢¥ 





CHEMICALs 
Offices in Principal Cities 
7 Distributors of Nelson Chemical Proportioning Pumps and 





Refinite Softeners and Other External Treating Equi Specializing in Water Conditioning | 


(motor method) gasoline and 27,000 
gal of oil. Also, 2,250 tons of Pitts 
burgh seam coal was processed in a 
liquid-phase run to yield 240,000 gal of 
vapor-phase charging stock and 116,000 
gal of solids-free heavy oil. Late in the 
year, hydrogenation of 3000 tons of 
North Dakota lignite was begun. 

At Bruceton, Pa., work began during 
the year on a new single-phase hydro- 
genation process. Virtually complete 
hydrogenation of bituminous coal was 
achieved with a short reaction time in 
batch laboratory tests, and continuous 
plant tests are under way. 





Personels 





Dr. R. C. Ulmer, well known in the 
power field as a feedwater specialist and 
for the last seven years technical director 
of E. F. Drew & Co., has joined the 
Engineering Department of Combustion 
Engineering-Superheater, Inc., New 
York, where he will be engaged in 
development work. 

A graduate of Ohio State University, 
from which he later acquired his doctor 
ate, Dr. Ulmer spent some years as a 
chemist in the Research Department of 
The Detroit Edison Company where he 
was associated with many power plant 
operating problems. He has written 
many technical papers and articles and 
holds membership in The American 
Society of Mechanical Engineers, The 
American Chemical Society, The Ameri- 
can Society for Testing Materials, The 
American Water Works Association and 
The National Association of Power 
Engineers. 

William G. Christy, until recently 
director of New York City’s Bureau of 
Smoke Control, has opened a consulting 
engineering office at 34 Park Row, New 
York, and will specialize in problems 
of air pollution control, combustion, 
refuse burning and smoke control. 


Lyle B. Schueler, long well known 
as a utility engineer and more recently 
associated with Diamond Power Spec 
ialty Corp., has been elected vice presi 
dent in charge of that company’s sales 
He is located at Lancaster, Ohio. 

Arthur H. Kuljian, chief mechanical 
engineer of The Kuljian Corp., engi 
neers and constructors, Philadelphia, 
has been elected vice president of that 
company. He has long been identified 
with the design of steam power plants. 

Edward F. Brill has been appointed 
chief engineer of the Allis-Chalmers 
Atomic Power Section. He is a grad- 
uate mechanical engineer of the Uni- 
versity of Wisconsin and a bachelor of 
law degree from Marquette University. 
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(Enco Burners) 


FOR ALL GRADES 


OF LIQUID FUEL 


Enco Burner Units of Steam or Mechan- 
ical Atomizing Types are made in 
various sizes with capacities from 1 to 
1000 gallons per hour. 


Designed for operation either with or 
without air registers and for natural or 
forced draft. 


The Enco Interchanceable Atomizer 
is made for instant change of guns 
for operation by either steam or me- 
chanical system or to cover a wide 
range of capacity. 

Enco Atomizers are used with vari- 
ous types and makes of pulverized- 
coal and gas-burner units to provide 
a dual fuel unit for cold starting, or 
for full-load operation when coal or 
gas is not available, or use when oil 
is the more economical fuel. 

We have made many installations 
during the past 25 years and are 
ready to cooperate with those looking 
for better operation and assurance 
against loss of steam output. 


THE ENGINEER CO. 


E ~~ FS Sect $e. 


We i ileey New York 6, N.Y. 








NEW CATALOGS 
AND BULLETINS 


Any of these may be secured by writing Combustion Publishing 
Company, 200 Madison Avenue, New York 16, N. Y. 


Regulator Selection 


A useful 36-page illustrated ‘Step 
Selection Chart’’ has been issued by the 
Foster Engineering Company to sim- 
plify the selection of proper types and 
sizes of pressure and temperature 
regulators and pump governors. One 
interesting table provides valve capaci- 
ties in pounds of steam per hour for nu- 
merous initial and final steam conditions 
up to 1500 psig and valve sizes from !/» 
in. to 12 in. 


Boiler Control 


Bulletin 1007 prepared by the Copes- 
Vulcan Division of Continental Foundry 
& Machine Co. illustrates and describes 
the new Copes-Vulcan boiler control 
with instrumentation by Taylor Instru- 
ment Co. It includes descriptions of 
combustion, feedwater, boiler steam 
temperature and soot blower controls. 
Standard or miniature instruments and 
conventional, console or graphic panels 
are also shown in the 10-page booklet. 


pH and Conductivity Recorders 


Brown Instruments Division of Min- 
neapolis-Honeywell Regulator Co. has 
issued Catalog 1550, a 24-page publica- 
tion which includes information on re- 
corders, controllers, amplifiers and elec- 
trodes useful for electro-chemical meas- 
urement. One section of the bulletin 
takes up underlying theories of such 
measurement. 


Reciprocating Pumps 


Installation, operation and mainte- 
nance of reciprocating pumps is covered 
in a 20-page service manual prepared by 
the Warren Steam Pump Co. Steam 
consumption curves are provided for 
horizontal duplex-piston pumps, as well 
as instructions for valve setting. 


Insulation Specifications 


Johns-Manville has issued a 52-page 
illustrated brochure entitled “J-M In- 
sulation Specifications for Oil Refineries 
and Chemical Process Plants.’’ It is 
designed as a quick reference for those 
writing thermal insulation specifications. 
These are divided into four main sec- 
tions: (1) insulations for temperatures 
above 100 F, (2) insulations for tem- 
peratures below 100 F, (3) tank insula- 
tions and (4) oil heater insulations. 


Ion Exchange Processes 


An extremely informative 28-page 
bulletin, No. 3803, has been prepared by 
The Permutit Company to help explain 
the functions that ion exchangers are 
playing in the demineralization of water. 
Following an introductory explanation 
of basic principles, the bulletin contains 
schematic diagrams and brief descrip- 
tions of equipment for demineralization 
and silica removal, including the fol- 
lowing processes: two-step with or with- 
out degasifier, mixed-bed, three-step 
and four-step with degasifier, and cation 
exchanger with mixed bed and de- 
gasifier. 


Coal Distributors 


Stock Equipment Company has is- 
sued Bulletin No. 73 which explains the 
theory of the Conical nonsegregating 
coal distributor. Descriptive material 
and illustrations show how this device 
prevents the coal segregation that re- 
sults from the use of a flat chute in dis- 
tributing coal to a stoker. Accessories 
that can be used with the distributor are 
also shown in photographs. 


Oil Burner 


Bulletin 25 issued by the National 
Airoil Burner Co., Inc., describes a new 
dual-stage burner combining steam and 
mechanical atomization. A detailed 
description of the burner and its uses, 
alorig with specifications, is included in 
the 4-page bulletin. 


Deaerating Heater 


Graver Water Conditioning Co. has 
released a four page bulletin showing a 
compact package-type deaerating heater 
which is completely equipped with all 
accessories. Distinctive features are 
described, and tabulations of sizes and 
capacities of vertical and horizontal 
heaters are provided. 


Electrode Rapping System 


A 6-page bulletin with illustrated in- 
formation on the recently developed 
magnetic impulse, continuous electrode 
rapping system for electrostatic pre- 
cipitators has been announced by Re- 
search Corporation. The M. I. sys- 
tem, as it is known, is of the continuous, 
self-monitoring electrode-cleaning type 
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that improves overall precipitator ef- ee ee PS eee ~*~ 


ficiency and reduces operating costs 
Operation of this system is explained : : _—— 
with circuit diagrams and photographs “ti iy te & > 


of major components. / 
j « oy 
f Russell Station A 
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Purifiers 








An 8-page folder published by the \ 


V. D. Anderson Co. under the title, _ a y 
“End Dirt and Moisture Problems the 
Hi-eF way”’ describes the many uses of 


age purifiers (mechanical separators) in 
by steam generation and distribution sys 
jain tems and in the process industries 
are Cutaway views showing the installation 
ter. of purifiers in 14 different applications 
ion are accompanied by a brief description 
Lins highlighting their purposes in each case 
rip- 

10n Control Panels 

fol- 

ith- The engineering and economical plan- 
tep ning of modern combustion and process 
‘ion control panels is discussed in a new 8- 
de- page bulletin, No. 170, issued by the 


Bailey Meter Co. Numerous panel 
designs are illustrated along with up-to- 


date methods of tubing and wiring. | S afety Valve Report: 


There is also a section on panel acces- 
is- sories suitable for central-station ap- 
the plication. 2 “2 YEARS IN SERVICE see 
Ling 
td One of the Foster 38SV Super Jet 
rial Vertical Pumps » NO MAINTENANCE ase Safety Valves on the boiler drum. 
vice This 2“x4” valve is set for 16804. 


re- Construction features of Allis-Chal- STILL TIGHT" 


mers small vertical pumps for sidewall 



















dis- : 
eles or submerged mounting are described 
are in a new 8-page bulletm, No. 52B6975A, 

released by the company. Helpful , 

curves and tables to determine motor That's the report from Rochester Gas & 

frame, horsepower, speed and current Electric Co. on the Foster Super Jet Safety 

characteristics for the various units are P $ 

4 hadietind tn ten talietin Valves on the +2 unit of their new Russell 

a Station. 
nr Hook-On Inst ts 
paw ook-On Instrumen , ’ 
iled An 8-page booklet describing General pean oo wanes a apne eana beth Saadeh pnb 
a Electric's complete line of hook-on are their greater capacity, so that fewer svperheater header is set for 1600%. 
d in instruments has been announced as valves are necessary, and their accessi- 

available. Designated GEC-901, the bility for i ti , ‘ » 

two-color bulletin contains applications, lity Tor Inspection and service. - 

operation and basic features of volt- , _— 

ammeters, wattmeters and power factor Foster Super Jet Safety Valves give bet- = 
has meters of this type. ter protection two ways: absolute pro- ‘= 
ig a : ‘ 
ater tection against overpressure, and greater 

Air Compressors . ‘ 

| all protection against costly outages caused 
are Oil-free air compressors are discussed . . 
and in Bulletin A-92 released by Joy Manu- by service failures. = 
ntal a Co. _ Specifications shown in- For full information on Foster Super Jet One of the Foster Super Jet Safety 

-_ e compressors ranging in size from : Valves on the reheater inlet header 

172 to 8800 cfm, 25 to 600 hp. Safety Valves, ask for Bulletin 80-SV. This 4”x6” valve is set for 530% 

Steam Traps 

| in- 
ped Armstrong Machine Works has issued PosULl 
-ode Bulletin 215 which covers the purpose, ¢/ JSG) A, PRESSURE REGULATORS © RELIEF AND BACK PRESSURE VALVES + 
mn: operation, physical data, capacities in- AUTOMATIe *|) CUSHION CHECK VALVES © FAN ENGINE REGULATORS * PUMP 
| stallation and ices of thei Sn ') GOVERNORS * TEMPERATURE REGULATORS © FLOAT AND LEVER 
Re- alle nd prices of their piston WANES ~ ° 

operated compound traps. Instruc- > RLV |e: ~/ BALANCED VALVES NON-RETURN VALVES VACUUM REGULATORS. 
sys- a. _— oo. ao ‘Singae>” «OR BREAKERS © STRAINERS © SIRENS * SAFETY VALVES * FLOW TUBES. 
one tions for installation and operation are - 


— also included. | FOSTER ENGINEERING COMPANY ° UNION, N. J. 
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Search for Sources of Rare 
Electronic Element 


A search for additional sources of the 
costly metal germanium for use in radar 
and other electronic equipment of the 
Armed Forces has been launched by the 
United States Bureau of Mines in ash 
pits and smoke stacks of large industrial 
consumers of coal. 

This rare element, now produced in 
the United States in small amounts as a 
by-product of zine refining and selling 
at around $350 per Ib, also appears in 
minute quantities in many American 
coals; but at present it is said to be un- 
economical to recover it directly from 
the coal. The best method is to extract 
it from the ash resulting from the burn 
ing of the coal. 

The search is being concentrated on 
certain of those central station power 
plants that burn a total of more than 100 
million tons of coal yearly. 

Germanium is recoverable from coal 
ash as a compound that can be con 
verted to metal—its most useful form 
by carefully controlled processes. Its 
most popular uses today are in electronic 
diodes for rectifying high-frequency 
circuits and in the recently developed 
transistors, only a fraction the size of 
the smallest electron tube, which they 
ultimately may largely replace because 
they are lighter, last longer, use less 
power and are more compact. 


Corrosion Engineers’ Meeting 
in Chicago 


Titles of seven papers in a chemical 
industry symposium scheduled to be 
delivered at the{National Association of 
Corrosion Engineers’ Conference in 
Chicago, March 16-20, 1953, have been 
announced as follows: 

“Use of All-Plastic Equipment and 
Piping in Technical Corrosion Protec- 
tion’’ by J. L. Huscher, American Agile 
Corp. 

“Corrosion by Acids at High Temper- 
atures” by R. F. Miller, R. S. Treseder 
and A. Wachter, Shell Development 
Company. 

‘Metallurgy of Corrosion” by F. 
Prange, Phillips Petroleum Co. 

“Statistical Analysis of Corrosion 
Data by O. D. Ellis, Armco Steel Corp. 

“Corrosion Study in a Salt Plant” by 
H. B. Rickert, Michigan Chemical Co. 
and H. O. Teeple, International Nickel 
Co. 

“The Behavior of Titanium in Sul- 
furic and Hydrochloric Acids” by G. C. 
Kiefer, Allegheny Ludlum Steel Corp. 

The meeting will be held at the Sher- 
man Hotel. 
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rhe C. O. Bartlett & Snow Co., 
: ash Cleveland, has appointed John R. 
Hersey assistant sales. manager. He 


ae will, however, continue to head the 

ad in company’s coal handling department. * 

asa Also, Harry C. Orr has been named 611, 
manager of the company's standard 


lling 
products, repair parts sales and service 


rs in 
: department. 
rican 


e un Cyrus Wm. Rice & Co., water con H-39 foe yy. YE oy. 3 8 3 





from sultants of Pittsburgh, has appointed 
tract A. B. Young as its sales representative 
urn in Indiana with offices at 1517 E 

Sist St., Indianapolis. It has also 
d on named the Nevans Co. of Houston, 
ower Tex., to represent Rice services in 
1 100 Texas and Louisiana. 

- Westinghouse Electric Corp. has 
coal named C. B. Campbell and J. R. Carl 
con son, respectively, to the positions of 
‘m consulting engineer and manager of 

Its engineering for its Steam Division at 
ronic Philadelphia. 
ency Edward Valves, Inc., has opened a 
oped new two-story engineering building at 
e of its works in East Chicago, Ind. Built 
they almost entirely of stainless steel and 
ause glass the new building is located ad 
less jacent to the company’s laboratory 


and research building in order to per 
mit easy contact between the engineers 
and the laboratory technicians. 
The Copes-Vulcan Diyision of Con- 
tinental Foundry & Machine Co., 
Erie, Pa., announces the following new 
representatives: Barnes Engineering 
ng Co., Indianapolis, Ind.; Pacific Steam 


Control Co., Seattle, Wash.; Coch 7 WAYS BETTER 


rane Engineering Corp., 309 W. Jack 





rical son Blvd., Chicago; Gil Moore & Co.., 1. 24” x 24” coal inlet opening—50% greater area—tor 
be 515 Harrison St., San Francisco and ompare. aie maximum flow-ability of coal. 
ee “14 W. Olympic Blvd., Los Angeles; 2. All wiring and controls outside coal chamber. 
mn and Ww E. Veenschoten, 27 Gaywood 3. Beam-ratio test facilities completely outside coal 
een Circle, Birmingham, Ala. chemise. 
_ Chain Belt Company of Milwaukee 4. Simple, gravity-operated bypass arrangement with 
- has announced several executive ' no restriction in coal flow to downspout. 
ered changes. These include appointment 5. No drag-links or electrical wiring on weigh hopper 
gile of Luther H. Bosnian to vice president ; e" 8 a Pper. 
in charge of manufacturing facilities; 6. Construction of — Goose makes 2 senpocstave 
per- Lyman E. Newton as controller; D. for coal dust to spill out on floor when opening. 
der F. Tincknell, assistant treasurer. Also, 7. Unequalled nationwide maintenance and service 
rent Bernhard E. Schneider has been ap facilities. 
F pointed to the newly created post of That’s why you just can’t buy better than a Richardson. 
assistant chief engineer and four new 
sales engineers as follows: James W. Get all the facts. Write for Bulletin 0352 today! 
—s Mueller, Chicago; Dabney P. Murrill, 
asp. \tlanta; Robert B. Hill, Portland, 


by Ore.; and William C. Beals, Buffalo. RICHARDSON SCALE COMPANY 








Co. P 
kel Pennsylvania Crusher Company, Clifton, New Jersey 
Phil .. as ¢ Sahn » Mine Atlanta * Boston * Buffalo * Chicago * Detroit * Houston 
hiladelphia, has appointed the Mine Wiuiailie’ 0 tee Yok 47 € * Philadelphia 
Sul- and Smelter Supply Company of Denver Pittsburgh * San Francisco * Wichita * Montreal * Toronto 
C ind El Paso to represent it in New 
rp Mexico, Arizona, Western Texas, Col - 
ait rado, Western Kansas, Nebraska, So. 
Uakota, Eastern Wyoming and Mon 
tana, ® 8616 MATERIALS HANDLING BY WEIGHT SINCE 1902 
IN 
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Whatever your fuel picture, 
: there’s a B&O coal to fit it! 


@ In the Baltimore & Ohio area lies a 
treasure-land of Bituminous—an almost 
inexhaustible source of low-cost heat and 
energy. Here are found Bituminous coals 
of all varieties—for power, for coking, for 
steam, for space heating. 


B&O coals are excellent for generating 
steam in utility and industrial power plants, 
for steel mills, malleable iron plants, gas 
plants, lime and brick kilns, cement and 
glass plants, and potteries. 


BEAROSTOWN 
DECATUR 
SPRINGFIELD . 


BITUMINOUS COALS 
FOR EVERY PURPOSE 


ST. LOUIS 


FLORA 


SHAWNEETOWN 


GICAGO Q 


Whatever your “burning need,” Indus- 
trial or Domestic, there’s a B&O coal to 
meet it—and we are ready to help you find 
the best for your purpose. Just ask our man! 


LAKE 


HURON LAKE ONTARIO 


ROCHESTER 
Q (Charlotte Dock) 


© SALAMANCA 


m.' 


BUFF AL 
MICHIGAN : 


DETROIT © 


To.eD0 g . 
Coy CueveL ano MI. JEWETT 


rom Aen 


BY canton NP auriee 
HOLLOWAY JO pirtspuecu 
CONNELLSVILLE 
DAYTON -~ cea WHEELING 
Xen ASK 


CHILLICOTHE CLARKSBURG 1 


OU BOIS 

© CLEARFIELD 
© INDIANA 

© VINTONDALE 
© JOHNSTOWN 


4 Foc Kwooo 
CUMBERLAND 


UNION CITY 
wolanarous |S ° 


WEW YORK 


OWL AND 
PHILADELPHIA 
WILMINGTON 3 
HAGERSTOWN 
Y FREDERICK 
ee 
7 (Curtis Bey) 
iy WASHINGTON 


BRAZIL 

CONCINNATI KEYSER —y 
comes cearton Of «(MN 
weston 6 
buensvitie se? \, 

ricwens ELKINS 


© JERRYVILLE 
PERSINGER Ford RiCHWOOD 


STRASBURG JCT. 


PORTSMOUTH” 
S POTOMAC YARD 


LOUISVILLE 
KENOVA 
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BALTIMORE & OHIO RAILROAD 


Constantly doing things —better! 
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